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Abstract 
The project examines the usability of web (HTML) 
applications originally designed for use in conventional 
desktop computers and laptops when used by mobile 
computing devices.  Of particular interest are tablets 
and smartphones. The project also investigates 
whether existing technology and developmental 
approaches can be used to redevelop such web 
applications as to be compatible with mobile devices 
and desktop devices and yet retain their usability and 
functionality.    
 
The project first reviews the evolution of mobile 
computing from the 1960’s until the present day and 
provides a statistical background for the importance of 
mobile computing in a web application context. To 
anchor the project in the real world existing web 
applications provided by Resultmaker A/S 
(http://resultmaker.com ) will be studied, and an 
attempt to redevelop one of these applications will be 
made.  The project reviews existing literature with 
respect to Mobile Human Computer Interaction and 
selects the Thinking Aloud Protocol as the main 
usability evaluation method supplemented by a 
questionnaire based on the Likert attitude rating 
scale.  The project discusses the typology of web 
applications suitable for use in mobile computers, their 
advantages and disadvantages as well as whether 
usability issues should be solved on the server or on 
the client.  Different approaches to resolving usability 
issues are reviewed including principles and methods 
found in W3C Mobile Web Design Best Practices, 
Interface Design Patterns, User-centered 
Development, and Responsive Web Design. Ways of 
resolving the usability issues will be investigated by 
developing an experimental prototype.  
 
The usability evaluation, which was conducted with 
participation of six testers, produced a short list of 
serious usability issues, which was used to target 
solutions and guide the development of the 
experimental prototype. The experimental prototype 
was created in iterations, where relevant web 
technology was reviewed in parallel with being 
considered for use, or actually being used in the 
iterations. The final experimental prototype was 
created using the Responsive Web Design and is able 
to function in both conventional and mobile computing 
devices as well as in the five main browser types. The 
investigation shows that it is possible using the 
Responsive Web Design Approach to redevelop (or 
create from scratch) web applications that function 
well in conventional as well as mobile devices. 
However whether the use of this approach is sensible 
depends on the character and circumstances of the 
web application, its complexity and the developmental 
resources available to its owner, as it may sometime 
better sense to develop separate web applications, 
rather than a one-size fits-all application. 
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1. Introduction 
1.1 The Evolution of Desktop Computers 
The basic structure of a computer consists of hardware and software components, where the hardware 
consists of one or more processors (CPU), main memory, input/output modules, and the system bus which 
allows the components to communicate internally. The software component consists of an operating system, 
which uses and manages the hardware components to provide computer user with data processing 
functionality [1, p. 9]1. Stallings describes an operating system as a user/computer interface. A computer is 
thus organized in a hierarchical fashion, where computer user is found at the highest level, concerned 
primarily with the application programs at this level. Utility programs exist in the layer below application 
programs, followed by the operating system at the layer below the utility programs. The actual computer 
hardware is found at the lowest level of the model.  The layers function as a mediator between the user and 
the hardware, providing the user with data processing functionality with little need to deal with the hardware 
itself [1, p. 52].  Early computers were quite expensive and in the 1950’s and 1960’s were therefore primarily 
found in large corporations such as General Motors or universities such as MIT [1, p. 57 & 64]. While the 
amount of financial resources required to own and operate computers of this kind necessarily limited the 
proliferation of computers the continuing trend in miniaturization of electronic components meant that 
computer could be built on a decreasing cost scale. The development of VLSI (Very Large Scale Integration) 
technology with more than 10.000 components pr chip enabled Intel to create its first microprocessor in 1971 
commencing the process of developing microcomputers. By 1981 when IBM introduced its PC (Personal 
Computer) system, other microcomputers were being introduced such as the Apple I and II [2, p. 10], 
Commodore’s PET and the Altair 880. [3, pp. 27-28].  As cost is an important factor as a determinant of 
personal computer adoption by individuals and organizations [4, p. 93], the increasing affordability of 
computers facilitated the growing prevalence of computers in the home and workplace. That the percentage 
of U.S. household that had adopted computers had by 1997 reached 37 % and by 2010 77 % [5, p. 1] may 
serve as evidence of the trend. Personal computers are currently used as work stations for individuals or as 
servers for multiple users by billions of people world-wide [6].  
1.2 Mobile Computing 
One definition of Mobile Computing is:  “Taking a computer and all necessary files and software out into the 
field.” [7]  While moving a desktop computer from place to place is certainly possible, this would not 
provide users with portability or mobility in practice as the sheer physical size and weight of the device, and 
its nature as a composite object encumber its use as a mobile device. Moving a desktop computer typically 
involves disassembling it into its constituent parts; the monitor, the keyboard, the CPU unit itself, and all the 
                                                            
1 The IEEE 2006 referencing and bibliography standard is used in this document.  
2 The authors describe meta-analysis, as a“… systematic procedures of coding, recording, and computing, a meta-analysis is an 
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cables connecting the parts to each other and to power supplies Subsequently transporting the parts to a 
different place in space, reassembling the parts to a whole, securing an appropriate power supply, and if 
needed finding a data feed (normally access to a WAN or LAN).  An alternative definition of mobility, 
which emphasizes the concept of portability, is:”Mobile computing: being able to use a computing device 
even when being mobile and therefore changing location. Portability is one aspect of mobile computing.” 
[8].  The definition of portable is “able to be easily carried or moved, especially because being of a lighter 
and smaller version than usual” [9]. The latter definition of the concept mobile computing highlights a 
notion of computer portability which resembles the present state of mobile computers, as contemporary 
mobile computers weigh less and  are appreciably easier to move around than desktop computers.  
In 1968, 13 years before the introduction of IBM’s PC, a scientist at Xerox PARC, Alan Kay, felt inspired by 
several things he had just experienced; Kay had just seen a flat screen display and shortly after, a stylus-only 
handwriting character recognition device. Subsequent to a meeting with Kay’s fellow mathematician 
Seymour Papert, the idea occurred to him of creating a portable computer for children. Kay’s model of a 
portable computer for children was a) mobile, b) interactive and c) had the shape of a notebook, which was 
rather different than contemporary computer terminals. The mobile device was intended to be used as a 
medium to read as well as write, and Kay decided to call it the Dynabook. [10, p. 389]. Figure 1 shows Kay’s 
illustration of two children busy using their Dynabooks, while Figure 2 shows Kay’s cardboard mockup of 
the Dynabook. Considered retrospectively, Kay’s 1968 design was remarkably prophetic, although a 
practical embodiment of his concept didn’t materialize for decades.  
1.3 Mobile Computers Develop in Divergent Ways 
The evolvement of mobile computers has followed multiple routes, resulting in the development of such 
well-known device-type categories as the laptop/ notebook, PDAs, smartphones and tablets.   
1.3.1 Laptops 
A laptop is defined as “A portable computer with an LCD screen that weighs from two to 10 pounds ….. It 
uses batteries for mobile use and AC power for charging and desktop use. High-end laptops provide nearly 
all the speed and capabilities of desktop computers” [11] .  Almost immediately after the introduction of 
IBM’s PC several manufacturers endeavored to develop and market portable computers, and by the early 
1980’s a number of models had been presented to the public with names such as: Osbourne, Epson, Compaq, 
Commodore, Tandy, Sharp, Toshiba and Apple [12].   Some instances of contemporary portable computers 
are the 1983 Commodore SX-64 with a CPU speed of 1 Mhz. and 64K RAM which sold for $1.000, see 
Figure 3 [13]  and the 1988 Compaq SLT/286 with a CPU speed of 12 Mhz. for $5.399, Figure 4 [14].  
Although these models have a dated appearance, the illustrations show that they are quite unmistakably 
portable computers. The relatively high price range of the Compaq must necessarily have placed the 
computer out of range for most individuals, and judging by the title of this New York Times article: 
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“Executive Computer.  Compaq finally makes a laptop” [14], the laptop was at this time a choice for early 
adopters [15] with money to spend.   In 1991 Apple introduced its PowerBook 100, (Figure 5) a laptop which 
has been said to be “one of the first light weight portables and helped to define the design of all future 
laptops” [16]. The PowerBook100 appears by today’s standards to be somewhat “clunky”, however does to a 
large extent resemble laptops produced recently (2012/13).  Compare for example a PowerBook 100 to a 
random 2013 laptop: a Dell Latitude (Figure 6) and observe the extraordinary resemblance of one device to 
the other in spite of a difference of 22 years between the years of manufacture for each device. The 
PowerBook 100, a self-contained computer with integrated screen and keyboard, although not having the 
computing power or accessories of modern mobile computers was nevertheless a realization of Alan Kay’s 
vision of portable computing. Curiously there seems to be less of a resemblance between the PowerBook 100 
and Allan Kay’s Dynabook, than between the PowerBook 100 and the Dell Latitude notwithstanding the 
same difference in age; about 22 years. Since its initial stages the laptop has been adopted by millions of 
users, and by 2008 annual shipments of laptops had reached 136 million units projected to increase to 236 
million by 2012 [17]. 
1.3.2 PDA Personal Digital Assistant 
A definition of the PDA is “(Personal Digital Assistant) A handheld computer for managing contacts, 
appointments and tasks. PDAs typically include a name and address database, calendar, to-do list and note 
taker, which are the functions in a personal information manager application … Wireless PDAs may also 
offer e-mail and Web browsing and data are synchronized between the PDA and desktop computer via USB 
or wireless.” The concept of the Personal Digit Assistant was first presented to the public in a speech by 
John Scully of Apple Computers at the Winter Consumer Electronics Show in 1993 [18, p. 60]. The PDA 
was described in 1993 by Byte Magazine as being a “highly portable easy-to-use computing and 
communication device aimed at the mass market.” [18, p. 51].   Bayus writes that the PDA as conceived by 
John Scully evolved from Kay’s original Dynabook (Figure 1) concept of a mobile computer for children. 
Alan Kay had joined Apple as an “Apple Fellow” and influenced John Scully, who adopted many of his 
futuristic ideas [2, p. 92 & 192]. When introduced in 1993, the Apple Message Pad with its Newton 
operating system (Figure 7) was rushed to market, despite having a number of bugs and poorly designed 
features, and while Apple Inc. did become the first movers in this device category, the product itself would 
consequently cause the company serious problems due to those defective features [18, p. 58].  Three years 
later U.S. Robotics introduced its proprietary version of the PDA called the Palm Pilot (Figure 9) [19]. The 
Palm Pilot featured similarities as well as distinguishing attributes in comparison to the Apple Message Pad, 
such as a physical bottom menu instead of the touch screen bottom menu of the Message Pad. In this 
moment in time other companies such as IBM, Sony, Motorola, Amstrad, Tandy and Casio, were introducing 
their proprietary versions of the PDA. In 1997 Apple pushed on with the introduction of the more complex 
appearing E-mate (Figure 8), based on the Newton operating system, having similar features as the 
6 
 
Macintosh PowerBook 100 (Figure 5).  These Apple products never became commercially successful and 
were discontinued in 1998 [20].    
1.3.3 Smartphone 
IBM introduced in 1994 a combined mobile telephone and PDA called the Simon Personal Communicator, 
see Figure 10. Simon provided functions such as e-mail, telecommunication, paging, calendar, a pen-based 
sketchpad, controlled by a monochrome touch screen [21]. The product lasted less than six months before 
being taken off the market [22].  The Simon has been called the first smartphone [23], but how could a 
smartphone be defined? One definition of a smartphone is “A cellular telephone with built-in applications 
and Internet access. In addition to digital voice service, modern smartphones provide text messaging, e-mail, 
Web browsing, still and video cameras, MP3 player and video playback and calling. ..turning the once 
single-minded cell phone into a mobile personal computer.” [24]. Nokia introduced in 1996 the 
Communicator 9000, a combined mobile telephone and PDA (See Figure 12) [25], which was described in 
the US patent application as “.. a communicator which has a first user interface, i.e. the PDA interface, 
whereby it is possible to store various data in the device, to have a wireless connection to the Internet 
network, and to receive for example telecopier messages, and which has a second user interface i.e. the CMT 
user interface (Cellular Mobile Telephone), whereby it is possible to perform conventional mobile phone 
functions. . .” [26].  In 2000 Ericsson introduced the R380 (Figure 13 and Figure 14 ) which was first of all a 
GSM mobile phone, but which equally importantly had computer features such as internet data access, e-
mail, calendar, storage, flip keyboard on the  Symbian operating system. The model was a trend setter and 
extremely popular at the time [27]. Another release in that year was the Microsoft Pocket PC which was 
produced in two versions: one with and one without a mobile telephone [28]. In 2003 Microsoft presented a 
new release and changed the name of the system to Windows Mobile [29] and has since released successive 
versions of its OS, but has however never been able to dominate the market in the same way as it has 
dominated the Desktop market. Figure 16 shows a Windows Mobile 6.5 from 2009 [30]. One of the more 
popular devices at that time was the BlackBerry released in 2002 by RIM, see Figure 15, which I believe 
became a corporate favorite for a long time and having a share of the vendor’s market of 48.13 % by 1Q 
2009, see Table 26 - Based on data from Figure 24 and Figure 25.These devices held the majority share of 
the market until 2007 when Apple released its first smartphone, called the iPhone 1, see Figure 17.  A 
combined mobile phone and mobile computer with a touch screen and a touch screen keyboard, integrated 
multimedia features, and other smartphone features, [31] the device became an immediate success, and 
remains so to the present day. The open-source Google-backed Android operating system was launched in 
2008 [32], and soon began to be the operating system of choice for Samsung, Google, HTC and others. As of 
2Q 2012, Android was used in 64 % of shipped smartphone units [33].  
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From 2000 until the present day, the smartphone sector has been characterized by the rise and fall of various 
smartphone types, makes and operating systems as shown by charts in Figure 24 and Figure 25 charting the 
distribution between different vendors and operating systems for the 2009 – 2012 time frame. Table 26 is 
based on data assembled from Figure 24 and Figure 25 and provides an overview of relevant trends. Whereas 
Symbian with 53.17 % and Blackberry with 22.47 % of total shipments by OS in 1Q 2009 dominated the 
market for smartphones, by 2Q 20012 the picture had changed substantially. In 2Q 2012 Android was the 
leader at 64.47 % followed by iOS with 18.93 %. Furthermore whereas Blackberry with 48.13 % and Apple 
with 24.58 % of total shipments by vendor dominated the market in 1Q 2009 by 2Q 2012, the situation had 
changed such that Samsung with 41.31 % and Apple with a reduced 19.74 % now dominated the market.  
The point being made is that the relative popularity of mobile vendors and operating systems is very 
unsettled, and the relative shares of the vendor and operating system market vary from year to year.  
1.3.4 Tablets 
Tablets – One of the multiple paths down which the development of mobile computing has proceeded is the 
development of tablet computers. A tablet computer might be defined as “A general-purpose computer 
contained in a single panel. Its distinguishing characteristic is the use of a touch screen as the input device. 
Modern tablets are operated by fingers, and a stylus is an option, whereas earlier tablets required a stylus.” 
[34]. Kay’s 1968 Dynabook concept resembles this type of computer, as a single panel; however the 
Dynabook features an integrated keyboard, rather than a touch screen. While other types of mobile 
computers had been developed and introduced in the meantime (PDAs, Smartphones and laptops) actual 
tablet computers were few and far between. Microsoft introduced an early prototype of a tablet computer in 
November 2000 called Tablet PC [35]. The presentation was followed up at the Comdex 2001 Trade Show 
where Microsoft released an early version of its Tablet PC [36]. The Microsoft Tablet PC featured the 
Windows XP Tablet PC Edition and was presented in physical prototypes made by various manufacturers 
such as Compaq and Acer.  In 2003 it was rumored that Apple intended to revive the Message Pad, E-mate 
product lines, as Apple had applied for a patent for a mobile computing device with wireless connectivity, 
see Figure 18 and Figure 19 [37]. However the next device to be released (2007) was to be a smartphone, 
and not a tablet computer. When presenting the new device the Apple’s CEO, Steve Job, described the new 
device as “three revolutionary new products. The first one is a widescreen iPod with touch controls…The 
second is a revolutionary new mobile phone…And the third is a breakthrough internet communications 
device." [38].  
Three years later in 2010 Apple released its first iPad [39], which corresponded quite closely to the design 
document of 2003 [37]. Apple had evidently decided to postpone its release until the 2007 iPhone had been 
in commercial use for some years. The iPad as initially released resembles quite closely the Dynabook, with 
the exception of the introduction of a touch screen keyboard instead of an integrated physical keyboard. The 
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iPad became a commercial success and was followed soon by the introduction of similar devices by 
Samsung, Nokia and HTC.  Microsoft introduced in 2012 a tablet PC featuring a tablet version of the 
Windows 8 OS.  In 2012 manufacturers introduced 27 different models, of which 70.4 % were equipped with 
the Android operating system, 7.4 % with iOS and 22.2 % with Windows, see Table 3 .  
 
The mobile computing domain has seen a development where the emergence of the late 1980’s early 1990’s 
Compaq SLT/286, PowerBook 100 and similar devices was the start of a development towards the present 
day laptop, while the prevalence of the PDA rose in the 1990’s only to disappear with the smartphone wave 
of the late 2000’s. With the 2007 introduction of the iPhone the widespread adoption of the smartphone 
began to accelerate, followed closely by the present day success of Samsung and the Android OS The 
smartphone is now rapidly displacing the mobile telephone where at present more than half of all mobile 
phones sold are smartphones [41].  This year manufacturers are expected to ship 716 million units compared 
to 495 million units in 2011 [42]. The tablet has had a long history dating back to the Microsoft Table PC in 
2000, but had relatively few adopters until the introduction of the iPad in 2010, when consumers suddenly 
took interest in the device type. Since 2010 rate of tablet adoption by users has increased dramatically and 
sales of tablets has risen from zero in 2000 to 3.3 million units in 2010 to a predicted 326 million units in 
2015 [43].  The most prevalent operating system is Android with 70.4 % of the installed base, followed by 
Microsoft with 14.6 % and iOS with 7.4 see Table 3 . Shipments of so-called smart connected devices, which 
include desktops, laptops smartphones and tablets, world-wide is forecasted to increase substantially over the 
next few years, rising from 1.194 million units annually to 2.107 million units annually in 2016. In 2016 
smartphones will account for 66.7 % of that total, tablets coming in second at 13.4 % followed by laptop PCs 
at 12.8 % and desktop PCs at 7.2 %. Based on this forecast a fair appraisal of the situation is that the greater 
portion of future media use and internet access will occur using mobile devices, particularly smartphones and 
tablets, see chart Figure 26 and data in Table 4 [44]. 
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2 Research 
2. 1 Research Question 
A consulting firm, Resultmaker A/S, (http://www.resultmaker.com ) provides Business Process Management 
(BPM) digitalization for public and private organizations. What Resultmaker A/S specifically provides is 
software that makes an organization’s digitalized business processes available to its stakeholders on the 
public internet or an organizational intranet. The web application functions as front-end, that connects to a 
back-end server which actually contains the processes, rules and associated data relevant for the 
organization. The digitalized business processes are actuated when the organization’s user accesses the 
appropriate form on the front-end server, and follows a sequence of predefined forms as instructed. The 
sequence of forms is determined by an interactive, responsive process, the flow of the process depending on 
the answers to previous questions. A user may interrupt the completion of a process for any length (within 
reason) of time, and is able to return to an incomplete process, as the server will remember the state of the 
incomplete process on behalf of the user. Examples of workflows that have been digitalized are [45]:  
1. Graduate Program Admission (Copenhagen Business School). 
Resultmaker A/S has implemented a fully automated process for handling CBS’s 3.500 annual 
admission applications. The system guides applicants through the admission process, ensuring that 
the applicant submits a complete and correct admission application. The system processes the 
application against the background of existing information about the applicant and the purpose of the 
application, resulting in a preliminary recommendation to accept or reject the application.   
2. Digital Solution for Motor Vehicle Inspection (Trafikstyrelsen, Transportation Ministry) . 
Performing motor vehicle inspections has been privatized, and there is now a need to automatically 
transmit a large quantity of vehicle inspection transaction information to the Ministry of 
Transportation. The system connects all parties involved in a way which didn’t increase the need for 
manpower in the Ministry.  
3. Digital Building Permit (Frederiksberg County) 
A system for handling building permit applications ensures that the often highly complex 
applications are filled out correctly, and can be processed in a timely fashion. The traditional paper 
building permit applications were incorrectly filled out in 70 % of cases; this number has fallen to 0 
% of cases after implementing the new work flow system. 
4. Applying for Social Benefits 
Citizens and resident are now required to use a web application to apply for social benefits 
(kontanthjælp). The application guides applicants through a series of steps, collecting information 
along the way, and ensuring that the application is complete when submitted to the server. The 
application accelerates the application process by eliminating errors along the way, and eliminating 
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benefits application that cannot succeed for legal reasons. 
 .  
The system consists of a front-end application in XHTML and asp.net pages, which provides the forms 
necessary for performing the business processes (Figure 21 and Figure 22). When a user has logged in and 
chosen the relevant form, he or she follows the instructions as needed. The front-end application responds to 
the user input, communicating with the back-end application (Figure 20). The back-end application 
incorporates a “Process Engine” to process the interaction with the user, using the rules and meta-
information associated with the particular business process that has been configured in the front- and back-
end. Information that defines and describes the particular user’s interaction with the system is stored in a 
back-end database. The form data is encapsulated in a data object which persists from session to session until 
completion of the process.   For example, in the case of an application for admission to the Graduate program 
at CBS, an applicant may start an application, but has the option of leaving it, and coming back later to finish 
it. The applicant may need to interrupt the process in order to find material and information required by the 
application process, and then resume working on the application, as time may permit. In this scenario, the 
back-end server stores information so that the application is maintained in the database in a preliminary and 
tentative state. When the applicant reaches the end of the process,  he or she will be submitting an application 
for admission in a standard state of completion, which enables CBS to quickly and accurately make it 
decision on whether to grant the applicant admission or not.  
The types of processes that are digitalized using Resultmaker software are typically either business-to-
business, or customer-to-business or citizen-to-government. While some of the individual applications will 
be used from a home or office (CBS, Calculator, Maternity Leave) others could be used on-site or from 
mobile devices: (Motor Inspection, Building Permits and Applying for Social Benefits).  BI Intelligence 
estimates that tablet shipments will reach 27.6 million units compared to PC shipments of 87.6 million units 
in the third quarter of 2012, see Figure 23 [46]. With the increasing proliferation of mobile devices an 
increasing proportion of users will be accessing the web applications using smartphones or tablets, 
consequently a growing number of users will be accessing the Resultmaker A/S front-end applications from 
mobile devices such as tablets.  For this reason it would be of interest to examine the degree to which 
Resultmaker front-end applications are suitable for use in mobile devices such as a tablet, and the extent to 
which it would be possible to adapt Resultmaker A/S’s front-end applications for access from mobile 
devices, and finally whether it would be more helpful to develop completely new versions of the existing 
web-applications for use in mobile devices, than re-engineer existing program versions. The questions may 
be formulated as follows:  
 Given the current state of existing technology, to what extent would it be possible to utilize existing 
web-applications, originally designed for use in conventional desktop (and laptop) computers, in 
11 
 
mobile devices, specifically tablets and smartphones, without loss of important functionality and 
reduction of usability? 
 Assuming a negative answer to the first question, would it be possible to re-develop existing web-
applications so as to be able to be used as originally intended on conventional desktop (and laptop) 
computers as well as mobile devices retaining pre-existing functionality and usability. 
 What is the impact of existing browser technology on the preceding questions: namely, when 
redeveloping web-application for use in stationary and mobile devices, would it be possible to ensure 
that all important functionality and aspects of usability are preserved all of the five most frequently 
used HTML browser programs (cross-browser functionality). 
2.2 Research Method 
1. Theoretical – Analytical 
a. Literature Survey 
2. Empirical – Analytical 
a. Usability Evaluation 
b. Experiment - Prototype 
The research method will be a multiple approach: in Part 1 a review of applicable literature regarding 
utilization of web-applications on mobile devices of various kinds will be presented. In Part 2 a study will be 
conducted in the form of a Usability Evaluation in which the utilization of an existing web-application will 
be analyzed in terms of the existing literature and actual performance when used on various devices. Finally, 
in Part 3 an experimental prototype will be presented which explains relevant technology and demonstrates 
the extent to which a cross-browser compatible web-application can be devised which retains the important 
functionality of the original application while eliminating usability issues discovered in connection with the 
execution of  the usability evaluation.  
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3. Literature Review 
3.1 Human Computer Interaction (HCI) 
In 2003 Kjeldskov and Graham published a review of HCI research methods [47] the purpose of which was 
to describe the state of current practice for studying mobile HCI “to identify shortcomings in the way 
research is conducted and to propose opportunities for future approaches”. 102 publications on mobile 
human-computer interaction research were studied and categorized with respect to method and purpose. The 
review indicated that there was a significant bias towards constructing systems, and testing them in a 
laboratory setting. Methods such as action research, case studies, and field studies were seldom used to 
evaluate systems. The authors concluded that a lack of methodological research limited the accumulation of 
knowledge regarding the design of human computer interaction in a mobile systems context [47].   
A finding by their study that only 41 % of usability papers were empirical in nature and that no qualitative 
study of usability dimension were considered in said studies, was a motivation for the formulation of a 
research question: “What are the key formation and evaluation dimensions of usability in mobile technology 
usability studies?”, which was dealt with in a meta-analytical2 study published in 2011 by Coursaris and 
Kim [48]. The study was a review of 100 published mobile usability studies, which were analyzed within a 
framework for mobile usability studies created for the purpose. The proposed usability evaluation framework 
is a “disk” surrounding a core of usability dimensions. The four corners of the disk are contributors to the 
core from 4 aspects or “contextual framework categories”: The User, the Technology, the Environment and 
the Task/Activity (Figure 27). The authors identified 31 measures of usability amongst which were the three 
main components of usability as specified by the ISO definition: (1) Efficiency, (2) Effectiveness and (3) 
Satisfaction. The table and chart exhibited in Figure 28 are based on the results tabulated in the paper’s table 
1 [48, p. 124 ff.]  and shows that the published mobile usability studies included in this analysis focus on the 
traditional components of usability, to such an extent that the 29 other measurement dimensions are 
restricted to 30 % of the count. The paper concludes inter alia that this knowledge domain could benefit from 
extending the core of usability measurement components to include some of the measures defined in this 
study, in particular accessibility, hedonics and in addition study the interrelationships between the individual 
measurement dimensions [48, pp. 129 - 131].   
 In 2012 Kjeldskov and Paay published a longitudinal review of literature concerning the design and use of 
mobile devices [49] as a follow-up to their earlier 2003 study of mobile HCI, the intention of which was to 
investigate whether the field had seen changes in the intervening period. For the 2012 study, the authors had 
selected 144 research articles published in 2009 by the 10 most influential conferences and journals that are 
devoted to the study of mobile HCI. The study tried to determine the methodologies used in the individual 
                                                            
2 The authors describe meta-analysis, as a“… systematic procedures of coding, recording, and computing, a meta-analysis is an 
organized way to summarize, integrate, and interpret selected sets of empirical studies….  ”  
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studies and the purpose of each article.  The conclusion of the study was that the most frequently used 
categories of methodology were lab experiments (49 %), field studies (35 %) and applied research (30 %).   
The most frequent categories of purpose were evaluating (68 %), engineering (40 %) and understanding (31 
%). [The percentages totals are in excess of 100 % as there may be multiple methods and purposes used in a 
paper].  The conclusion was HCI research is “a highly empirically driven area of research with a growing 
focus on understanding the phenomena of mobile HCI.” [49, p. 76].   
Usability can be viewed from multiple perspectives; Morten Hertzum describes six different perspectives on 
usability [50, pp. 568-571], called “images of usability” [48, p. 122]: 
Universal Usability Usability entails the challenge of making systems for everyone to use. 
Situational Usability 
Usability is equivalent to the quality-in-use of a system in a specified situation with its 
users, tasks and wider context of use. 
Perceived Usability 
Usability concerns the user’s subjective experience of a system based on his or her 
interaction with it. 
Hedonic Usability 
Usability is about joy of use rather than ease of use, task accomplishment and freedom 
from discomfort. 
Organizational usability Usability implies groups of people collaborating in an organizational setting. 
Cultural Usability Usability takes on different meanings depending on the users’ cultural background. 
 
Universal usability - the reality of modern societies is the increasing degree of digitalization in private and 
public organizations both with regard to employees’ functions in organizations and the way the public is 
served by these organizations. Services which hitherto were performed person-to-person on a piecemeal 
basis interaction are now often handled by means of self-service via distributed applications.  In such cases it 
becomes an important goal to design systems that offer universal usability in order to ensure inclusiveness in 
relation to as many users as possible. Hertzum discusses Shneidermann’s definition of usability which 
describes a situation where:  “90 % of all households are successful users of information and communication 
services at least once a week” [51]. The dimensions of this definition of universal usability are 1) User 
Diversity – with respect to interests, age, cognitive abilities, 2) Technological Diversity – with respect to the 
technological assets different users have at their disposal and 3) knowledge gaps – which is the degree of 
technical knowledge possessed by different users. In combination, these dimensions delineate the degree of 
actual universal usability. For example, if 80 % of users possessed the cognitive ability to effectively use a 
particular technology, 80 % of users had the technological potential to do so, and 80 % had the requite 
knowledge, then the degree of universal usability would equal: 0.83 = 0.512 or 51.12 %, which does not quite 
match the concept of universal usability.  This might only be considered problematical in a context where 
access to public and private services is exclusively available via IT applications that are characterized by a 
low degree of universal usability. 
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Situational Usability - Hertzum regards situational usability as a very context dependent perspective on 
usability, and describes it consisting of two main characteristics: 1) the whole use situation including all 
technical and social elements and 2) the specific situation, that being the context of use. For example a tool 
which might be ideal for trial and error in a peaceful office setting may not be the appropriate choice for 
implementing in an air-traffic control tower.  The ISO 9241 part 11 [52]  definition of usability is the 
conventional definition of situational usability, where usability is defined as the “Extent to which a product 
can be used by specified users to achieve specified goals with efficiency, effectiveness and satisfaction in a 
specified context of use” [50, p. 575] .  This definition consists of the following elements:  
Element Definition 
Effectiveness Accuracy with which users achieve specific goals. 
Efficiency 
Resources expended in relation to the accuracy and completeness with which user 
achieve specific goals 
Satisfaction Freedom from discomfort, and positive attitudes towards the use of the product 
 
While the above definition was published in 1998 at a time when smartphones and tablet computers were 
nearly non-existent, it remains an important aspect of usability assessment, as mentioned in section 3.1, 
above. The importance of usability evaluation for the success of an interface / web site can be explained like 
this: “On the Web, usability is a necessary condition for survival. If a website is difficult to use, people leave. 
If the homepage fails to clearly state what a company offers and what users can do on the site, people leave. 
If users get lost on a website, they leave. If a website's information is hard to read or doesn't answer users' 
key questions, they leave.” [53]. 
Organization Usability - in an organizational context there is a plethora of systems and application which are 
more or less mandatory and which facilitate the collaboration between individual employees in conducting 
business and operations of interest to the organization.  The process by which application and information 
systems are adopted for use in organizations is called the organizational adoption decision, which is 
characterized by being a decision that originates at the management level of an organization. Participants in 
an organization at a lower level may have some influence on the process of adoption, but management has 
the power to make decisions regardless of what anyone else might think or say as an organizational decision 
will typically be based on strategic goals and tactical considerations that people at a lower level of the 
hierarchy may not be privy to or aware of. In any case any IT application or system which is put to use in an 
organization must have a minimum of usefulness if the organization wishes to get the maximum effect of its 
investment of time and financial recourses in its systems [50].  
16 
 
3.2 Some Perspectives on Use of Mobile Computers 
Smartphone Use by Non-Mobile Business Users (2011) 
A recent study of 243 smartphone users from a large United States based corporation looked at the difference 
between perceived and actual use of smartphones in connection with task related performance.  The persons 
included in the study were all persons whose work did not require mobile computing facilities. It is 
commonly understood that smartphones are better for consuming than for producing information. The results 
of the study indicate that perceived performance was not far from measured performance, so that users have 
a fairly accurate view of the relationship between effort put into using devices and the performance obtained 
from using devices. Users found smartphones useful for consuming information i.e. reading e-mail, web 
pages, using apps, etc., however found producing information i.e. answering e-mails, writing letters, and in 
particular entering password to be time consuming and exasperating, The researchers concluded that more 
effort needs to be put into the design of input mechanisms for smartphones and, presumably, by extension all 
types of mobile computing devices [54]. 
Understanding Tablet Use: A Multi-Method Exploration (2012) 
An investigation of large mobile computer use conducted in 2011 found that most tablets are used for 
personal reasons, primarily checking e-mail [55]. The researcher used a multi-method approach to analyze 
the contextual tablet usage of a group of 33 participants in three U.S. cities. The study’s data was collected 
using four approaches: (1) written diaries, (2) video diaries, (3) follow-up interviews and (4) contextual 
inquiry observations resulting in 773 observations of individual tablet use. An analysis of the data revealed a 
number of aspects of tablet use, which were categorized by (a) location, (b) type of use and (c) which other 
type of use happened (almost) simultaneously.   The categories of type of use, see Table 7, were tabulated 
and cross-referenced with the categories of location, Table 5, as well as with the categories of type of 
secondary and simultaneous use, see Table 6. Table 5 shows that the three most frequent categories of 
location are (a) Couch, (b) Bed and (c) Home, while the three most frequent categories of secondary activity 
are (a) watching TV, (b) Eating and (c) Cooking. Finally, the three most frequent categories of type of use 
are (a) E-mail checking, (b) Playing games, and (c) Social networking, with (d) Gathering Information as 
very close to third place.   The categories of use were cross-referenced with location in a table and the 
resultant chart shows that the most prevalent combinations of type of use and location are (a) E-mail 
checking and (b) Playing Games on the Couch, and (c) E-mail checking in Bed and (d) at Home, see Figure 
29. The most prevalent combinations of use and secondary use are (a) E-mail checking while watching TV 
and (b) while Eating/Drinking, see Figure 30.  The one category of location that indicated a work 
environment accounted for less than 6 % of incidents, the conclusion in light of the above being that the 
tablet as a mobile computing device does not yet have a presence in the work place. A follow-up study might 
well show different results, as the adoption of tablet computers by works and consumers has accelerated 
since the study took place in 2011 [55].  
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Where do Tablets fit in the Organization’s Workstation Inventory? (2012) 
Another view of the extent to which tablets will be deployed for business purposes is presented by a paper 
which takes a look at present trends in business use and future trajectories of tablet acquisition and 
deployment [56]. The paper cites Baseline Magazine for the information that 50 % of respondents expect 
increased tablet use by business in the next year, and a CIO insight survey which found that 35 % of 
organizations have deployed tablets, 31 % are testing tablets and 26 % are evaluating tablet use. At the 
present organizational tablet deployment is being driven by the “BYOD” (Bring Your Own Device) 
phenomenon3. These circumstances would indicate that tablets are being adopted by business users to a 
significant degree, and this kind of mobile computer will have a prominent position in most organization’s 
technology strategy for the coming years.  The paper identifies a number of challenges that will need 
handling, such as the situation that most users do not fully understand the differences and similarities 
between desktops and laptops on the one hand and smartphones and tablet computers on the other.  This lack 
of understanding leads users to believe that any task that can be accomplished using computers 
(desktops/laptops) can be done using smartphones and tablet computers. This is however not the case, as 
smartphones and tablets have a limitations to functionality, that makes it impossible to fully replicate the 
features and functionality of desktop/laptop computers.  The paper refers to a statistic compiled by 
Lenovo/Qualcomm [linked at http://www.onestopclick.com [57]] which tabulates the relative frequency of 
types of tasks performed on tablets (Table 8), which shows that consumers mainly use tablets for gaming, e-
mail and browsing, while business users use their tablets for e-mail, browsing,  remote work, sales support 
and customer representation. The paper gives an analysis of what tasks are most suitably performed on which 
type of computer (Table 9). The authors of the paper have tried to categorize the types of task that are best 
performed on three different forms of computers: (1) Laptops (2) Tablet computers and (3) Smartphones and 
propose a schema of appropriate usage or deployment within an organization. The tasks which are 
considered useful for all three types of devices are emailing and simple applications. Smartphones have been 
used for these uses since the middle 90,s and have found a useful niche. Laptop computers have basically the 
same power and features as desktops, and are capable of the entire list of tasks. Tablet computers have been 
used since the early 90’s, albeit to a limited degree prior to 2010. The rate of adoption has increased 
dramatically since Apple introduced the iPad in 2010, making the widespread use of tablets a recent 
innovation. The tasks which fit the characteristics of tablets are a subset of the total list, inter alia: e-mailing, 
simple applications, viewing documents, light content creation, presentation tool, etc.  The paper concludes 
                                                            
3 While perhaps not the first organization to do so, INTEL identified and named the Bring Your Own Device (BYOD) phenomenon in 
2009, describing BYOD as the situation where employees use their own devices – computers, tablet, etc in the work place or in 
connection with work related activity outside of the work-place. INTEL’s CISO Malcolm Harkins states that the BYOD is an 
unstoppable trend, which it is better to manage outright rather than prohibit. BYOD brings with it advantages such as mobility, 
flexibility and productivity, but also security risks arising from employees having sensitive information on privately owned mobile 
devices. Harkins thinks that by 2014, 70 % of all INTEL employees will be using own devices for work purposes all or part of the time 
[132] .      
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that tablets will have a place in an organizations IT structure, that it cannot replace desktop/laptops, that there 
are policy issues to develop governance issues with regard to where and how tablets may be used.  
3.3 Usability Studies for Mobile Computing 
A comparative evaluation of how 12 participants were able to complete four specific tasks on web 
applications compared users’ task performance using desktop computers and smartphones [58].  The 
usability study, published in 2007 and which does not deal with tablet computers identified several ways in 
which the user experience differed when using a desktop computer or a mobile device.  A major issue was 
the difference in screen size between a mobile device and a desktop, which was seen to have made the user 
experience on a mobile device more troublesome than on a desktop. In order to improve the user experience 
on mobile devices it would be necessary to ensure that the user feels that he/she is control of his or her user 
experience, and that users must be able to navigate the web page and browse after information without 
having a sense of getting lost on the page. The article provides a checklist of recommendations to ensure a 
higher degree of user satisfaction with the web applications interface as viewed from a mobile device, than is 
presently available.  
Some guidelines would be: 
 Ensure that styling does not obscure the visibility of links or text 
 Label all input fields and controls clearly 
 Limit the length of lists; group links and label clearly 
 Use text rather than images in link to improve page download performance. 
 Ensure that a search function is always available, as users prefer not to scroll through pages, but 
prefer to use a search function. 
Usability of iPad Apps and Websites (2011) 
Jacob Nielsen conducted an empirical usability study of 26 iPad apps and 6 Websites in 2011, following up 
on an initial usability study published in 2010 [59].  The study consisted of two different parts, where a study 
of usability testing was conducting with the assistance of 16 participants who were paid to assist in the study 
for the first part, and for the second part a design review of iPad Apps was conducted by an expert user. All 
participants had owned and used an iPad for at least two months. The usability testing used the Thinking 
Aloud Protocol, where the participants were asked to perform a number of tasks on specified Apps or Web 
applications.   
A test session consisted of an initial interview where participants were asked about their iPad apps related 
activities and the apps they had already used. The session continued with users being asked to perform 
predefined tasks on the iPad while under observation [59, p. 111]. Sometimes participants were asked to 
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perform additional tasks developed ad hoc to fit particular apps that were installed on their iPad. All sessions 
were recorded by a video camera.  Participants would comment on the following 1) What they we looking 
for or doing 2) What they either liked or disliked about the web site or apps, and 3)  What made it either easy 
or difficult to perform the requested task.  
The report described a number of design characteristics that made for less usability, which also had been 
reported in the original 2010 report [59, pp. 7 - 8]: 
1. Read-tap Asymmetry – which is where web sites feature text that is large enough to read, but too 
small to tap – touchable areas on the screen should be large enough to actually touch. 
2. Websites working well for the performance of simple tasks, where complex interactions became 
difficult – complex web sites should be constructed as apps not as web sites. 
3. Touchable areas that were so small, and close together, that increased the chances of touching the 
wrong button. 
4. Accidental activation resulting from touchable areas being too close to another and too small. 
(research shows that the best target size of touchable areas is a minimum size of 10 x 10 mm [59, p. 25]) 
5. Low discoverability – active areas did not appear to be touchable. 
6. Users dislike typing and therefore seek to avoid tasks involving typing.  
Other newer findings were: 
1. Splash screens are being used in some apps, which is not a very good idea. 
2. Swipe-ambiguity, where too many areas are swipe-able and therefore confusing for users. 
3. Information overload – too much information squeezed into too small of a space. 
4. Too many navigation features offered at one time, confusing users. 
5. Tablets are shared devices – this should be kept in mind when designing apps or web sites. 
6. Tasks iPads are used for: 
a. Playing games 
b. Social networking 
c. Media consumption 
d. Reading news 
e. Browsing 
At the time of publication, iPads were seldom used for information production, with the exception of 
answering e-mails [59, p. 9].  
MoBiS-Q – A tool for evaluating the success of mobile business services (2007) 
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As part of the MOMENTO project4 a two year study was undertaken with respect to identifying factors 
which can measure the success of mobile business services.  Two case studies were conducted to help 
construct a questionnaire which can be used as a tool to measure the success of mobile business services. The 
first case involved a mobile service used for booking and dispatching taxis, while the second case involved a 
service which is used for documenting the measurement of safety factors at building sites.   
The paper mentions Frøkjær’s findings [60], that the utility of the traditional three elements of usability 
depends on the context of the application domain, user’s experience and use context to be able to yield a 
sufficient measurement of usability.  User experience ratings are usually collected by way of questionnaires, 
of which there are a number of established models5, however the paper states that the established models do 
not address mobile usability issues in a satisfactory manner. It is assumed that a satisfactory measurement of 
usability needed to measure more than the elements of the ISO definition, and it was found that an aspect of 
usability can be whether the applications increased productivity and were safe to use. An addition aspect of 
usability was learnability, (an aspect also discussed by Nielsen [53]), in the sense that the use of an 
application must be learnable to avoid errors and danger. 
While consumers are normally able to choose between alternative service providers, business users have 
often no choice in the matter.  Consumers’ subjective satisfaction and ease-of-use affect consumers’ 
propensity to accept and adopt a service, and if they don’t like a particular offering can choose to leave. In a 
business context, users are captive users; this is however no reason to ignore user satisfaction, as business 
user’s subjective satisfaction may have an effect on measures of over-all work satisfaction and productivity 
[61, p. 242].  Some measures are more important in the first stages of implementation, e.g. installation and 
learnability, while usability in terms of efficiency and productivity are more important in later stages.   In 
summary the paper proposes a list of ten usability measures, called themes, that in all probability have a 
significant effect on the success of mobile business services, and which could be used to develop a 
questionnaire for use as a tool in usability evaluations.   
Mobile Usability (2012) Jacob Nielsen 
Subsequent to the iPad usability study of 2011, Nielsen published in 2012 a larger scale mobile usability 
study based on observation of 124 smartphone user and 36 tablet user sessions. Nielsen is convinced that a 
group of 160 observed users is a sufficient numerical quantity to be able to identify the majority of usability 
problems associated with an application or apps [62]. In another article Nielsen presents a scatter chart with 
                                                            
4 The MOMENTO project is a research and industrial cooperation project financed by the Finnish Funding Agency for Technology 
and Innovation (TEKES) and five companies. The purpose of the project is to work for the success of mobile business services by 
using measurement tools p.244.  [61] 
5 The usability questionnaires to which the paper refers are: System Usability Scale (SUS), Software Usability Measurement 
Inventory (SUMI), Questionnaire for User Interface Satisfaction (QUIS), the After-Scenario Questionnaire (ASQ), Post Study System 
Usability Questionnaire (PSSUQ), The Computer System Usability Questionnaire (CSUQ) [61] p.239.  
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the number of usability findings per project plotted on the y-axis, and the number of test participants per 
project on the x-axis for the latest 83 usability projects performed by NN Group (Figure 55). The tentative 
conclusion is that the quantity of usability findings per project does not show a linear correlation with the 
number of test participants per project for number of test participants greater than 10 per project.  Nielsen 
usually recommends five test participants for a usability test [63], which is a sufficient number of 
participants to generate a satisfactory number of recommendations for improvements of web sites or 
applications. Shneiderman recommends a group of six test participants as a sufficient quantity of users to be 
able to collect useful information about a web site’s usability in earlier stages, while a greater number is 
recommended to be able measure usability with confidence at a later stage in the project [64, p. 192].    The 
Think Aloud Protocol, which was used in the iPad study, is described as a technique where the test 
participants are asked to “think aloud” concurrently with performing the test or tasks belonging to that 
particular test or evaluation.  The tester should as far as possible refrain from taking over the tasks, but be 
facilitating and helpful to make it possible for the participant to complete the test. The tester observes and 
records the reactions and actions of the tester, which will form the basis of the subsequent analysis and 
recommendations [65, p. 161].   To implement the Think Aloud Protocol users were asked to complete a 
number of predefined tasks, and asked to make comments regarding their task performance concurrently 
with task performance. The questions that were asked were the following:  1) What they were looking for or 
reading, 2) What they liked or didn’t like about the site and 3) what made it easy or difficult to use the site 
[62, pp. 4-7].   
3.4 Types of Applications for Mobile Computers 
There are several general software development approaches when creating applications for the mobile 
computing platform. In Google’s guidelines for delivering applications to Android devices, two approaches 
are described [66]:  
 A client side application developed using the Android SDK 
 A web application developed using ordinary web technology and delivered via the web browser, 
which does not require installation on the client. 
Apple’s guidelines describe the situation similarly [67]: 
 An iOS application, which is an application developed in Apple’s iOS SDK and installed and which 
functions entirely within the iPhone/iPad device. 
 Web content, which is content hosted on a web site, and which is frequented by iPhone/iPad users 
via the device’s browser (primarily the Safari application). The types of web content which may be 
delivered in this fashion are: 
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o Web applications, which are web pages that are developed using ordinary web technology, 
but which use the technology to emulate the iOS look and feel. A web app may be accessed 
via the Safari application (the Safari UI is normally concealed) using an installed icon, 
similar to the way an iOS application is accessed, so there is virtually no apparent difference 
between a native iOS app and the web application. 
o Optimized web pages, which are web pages that are optimized for access through a web 
browser, but which may be able to detect whether it is being accessed by iOS devices and 
adjust screen dimensions and scale appropriately. 
o Compatible web pages, which are web pages that may be viewed reasonable well on iOS 
devices, but which may contain elements that do not view properly on iOS devices, and 
which do not attempt to detect screen dimensions and adjust appropriately. 
Microsoft which produces an OS (Windows 7, 8 and RTM) for tablet computers and smartphones as well as 
a tablet computer called Surface [68] has published guidelines for adding support for mobile devices to 
Aspx.net web forms and MVC applications and in that context discusses Architectural Options in the context 
of mobile usability of web applications created using the Aspx.net framework [69].  Without going into too 
many technical details, developers have three main options for supporting mobile users of aspx.net web 
applications: (1) Do Nothing, (2) Solve the problem on the client, and (3) solve the problem on the server, 
each option having its advantages and disadvantages:  
A. Do Nothing means creating a standard desktop oriented web application and hope for the best. 
o The obvious advantage to this option is that it’s effortless and inexpensive. 
o The disadvantages: older smartphones cannot render the html while new smartphones may 
render the web page, but the user needs to scroll sideways and up and down to see the page, 
also, as functionality dependent on mouse devices is not possible to use. 
B. Solve the problem on the client which means using CSS, Javascript, styling and progressive 
enhancement6 to let the web application adapt the application to the client’s characteristics. This 
approach is similar to the Apple guidelines for web applications that respond to the mobile device’s 
size and type. 
o The advantage to this approach is that the web application adapts itself to the dimensions 
and input characteristics of the client, and when an application needs to be updated or 
                                                            
6  Yahoo defines Progressive Enhancement in the following and contrasts it with Graceful Degradation: “The concepts of graceful 
degradation and progressive enhancement are often applied to describe browser support strategies. Indeed, they are closely 
related approaches to the engineering of "fault tolerance". These two concepts influence decision-making about browser support. 
Because they reflect different priorities, they frame the support discussion differently. Graceful degradation prioritizes 
presentation, and permits less widely-used browsers to receive less (and give less to the user). Progressive enhancement puts 
content at the center, and allows most browsers to receive more (and show more to the user). While close in meaning, progressive 
enhancement is a healthier and more forward-looking approach”, from Yahoo Developer Network. [134] 
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changed, it needs only be changed in one place: in the server code, and not in client, which 
needs to be pushed out to millions of clients. 
o The disadvantage to this approach is that the differences there are between desktop and 
mobile computers is so radical, that using CSS and Javascript alone may be inefficient to be 
able to create a single application that can be viewed on all types of computer devices.  
o An additional disadvantage is that creating the same workflow in a simplified form may be 
impossible.  
o Finally, different devices have different access to bandwidth, and a mobile device which has 
inferior access to bandwidth will find a web application which is acceptable on a desktop 
with access to high bandwidth unacceptably slow to use on a mobile data connection. 
C. Solve the problem on the server – If the server is able to determine the device which is accessing 
the web application and its characteristics, it will be able to perform differentiated logic and output 
differentiated HTML    
o Advantages are great flexibility, as all changes in web applications are performed on the web 
server, and can be done at any time (within reason, of course.) 
o An additional advantage is lesser bandwidth demands, as there is not program to download 
only markup and content. 
o A disadvantage is having to design and code spate pages per device type (iPad, iPhone, 
Desktop, Android, Windows Phone etc.) 
o Device detection is not a fail safe operation and depends on lists or a database of well-
known devices and their specifications. The information may not necessarily be updated on 
a day-to-day basis.  
Microsoft advises combining approach B with approach C where minor style issues are handled at the client 
level while all major issues are handled at the web server level [69].  Please note that these guidelines focus 
exclusively on web applications created in aspx.net web pages or aspx.net MVC modules; however the 
recommendations are of a general nature and not require the use of the aspx.net framework, which is 
Microsoft’s proprietary technology for dynamically generated HTML markup, similar to Oracle’s Java 
Servlets [70], Java Server Pages (JSP) or the open source PHP. 
Responsive Web Design is an elaborated version of optimized web pages, which is where the web server 
serves a web page, using scripting or CSS to detect the device type which is accessing the web page, as well 
as its screen dimensions and other characteristics, and subsequently adjusts and scales the HTML markup 
appropriately. Figure 31 shows how the BBC proposes to redesign its BBC TV Channel Home Page using 
Responsive Web Design as an example of how pages will be served depending on the requesting device 
type: desktop, tablet or smartphone [71]. In 2011 a web designer, Ethan Marcotte (EM), wrote in his book  
24 
 
Responsive Web Design that while there may be a case to be made for creating a separate mobile application 
every time a new mobile device is released, this approach may be an impossible task as the number of 
devices proliferate.  An interest in building architecture made him familiar with a development in 
architectural design called Responsive Architecture, where buildings “re-form themselves dynamically to 
better fit their occupants” [72, p. 7]. For example a glass wall will become opaque when the number of 
occupants exceeds certain boundaries to ensure a measure of privacy. Figure 32 shows the glass wall before 
becoming opaque, and Figure 33 after it has become opaque. Buildings will become more interactive with 
their occupants by responding to their presence and influence.  Within the context of web design designers 
are facing challenges posed by the increasing number of diverse mobile computers for which to server web 
pages. Rather than creating individual applications for each design which can give a fragmented experience, 
designers might consider that each device is a facet of the total design and practice Responsive Web Design.    
According to Marcotte, the basic components of Responsive Web Design are:  
 A flexible grid-based layout 
 Flexible images and media 
 Media queries (a part of the CCS3 specification) 
The use of Responsive Web Design was considered by www.netmagazine.com to be one of the top 15 trends 
in web design in 2012 [73], and the top trend in 2013 [74]. As the Responsive Web Design approach utilizes 
parts of the CCS3 specification, older web browsers may not be able render web pages in the intended way, 
which is clearly a drawback to this approach, leading one to think of whether Progressive Enhancement 
could be an option.  
Jacob Nielsen has also reservations with respect to Responsive Web Design. Whilst he acknowledges the 
utility of developing a single web application in a way that enables the transparent servicing of web page 
requests from multiple device types, as this simplifies the task of web site maintenance, he also warns that 
the a single web site for all types of devices may necessarily cause problems for users, as sites with deep 
folder levels, complicated pages, lots of data and a complex information hierarchy may not be actually 
adaptable for use on mobile devices. Furthermore, the effort involved in maintaining the mobile 
responsiveness of a site is comparable to the effort involved in creating and maintaining two dedicated web 
sites: one for desktops and one for mobile devices. Ultimately the decision to maintain one or several web 
sites depends upon an analysis of whether the cost-benefit ratio for the proposed course of action is the 
optimal choice for the web site owner [62, pp. 31 - 32].   
In conclusion, the available options for creating applications for use by mobile computing devices are: 
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 Web Applications which use HTML5, CSS and JavaScript to create applications that resemble and 
act like native iOS, Android, Windows (or other operating systems) applications. Such web 
applications can be represented by icons that start the application in a similar way to native apps.  
 Optimized web pages that detect the requesting device’s screen dimensions and scale appropriately. 
 Compatible web pages that do not detect the device’s screen dimensions, but which view reasonably 
well. 
 Applications which are written as native iOS or Android, Windows (or other operating systems) 
applications [67]. 
3.5 Design Theory and Guidelines 
Mobile Web Application Best Practices  
The W3C consortium has published a document presenting good practice for the design and implementation 
of mobile web applications that provide users with the greatest possible degree of satisfaction and utility.  In 
this context a web application is defined as a web page or a collection of web pages that deliver content via 
the HTTP protocol using either client-side or server-side processing. Web applications provides a so-called 
“application-like” experience, as opposed to web-sites providing information alone [75]. The document 
contains a list of very specific and technical practices which are considered relevant, collected in five main 
groups:  
1. Application Data 
This part deals with the use of cookies and local data storage on the device as an alternative to 
cookies as well as a way of letting an application function properly with local data even though 
network connectivity is down.  
2. Security and privacy 
Mobile devices have the same security concerns and issues as desktop computers have, however a 
more specific concern that care must be taken is the way JSON data is handled on the mobile device, 
in order to prevent executable code in JSON data from damaging or stealing data.  
3. User Awareness and Control 
An application must ensure that the user is aware of how and when it accesses sensitive content such 
as pictures, video clips, calendar data, device context, system data, and as far as possible ask the user 
for permission to access such data.  It is also recommended that any application that requires a sign 
in must give the user a way to safely enable an automatic login at next application use.  
4. Conservative use of resources 
In a mobile context network bandwidth and local storage spaces are scarce commodities, and good 
practice is, where practical to minimize the amount of data fetched from the web server to render 
HTML pages, to avoid polling servers if bandwidth is low, to combine images in HTML elements to 
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a sprite controlled by CSS to minimize transferring images several times, limit the in-memory DOM 
size to avoid unpredictable application errors.  
5. User Experience 
This section contains many recommendations, as the user experience is where usability elements 
such as user satisfaction and task efficiency depend on “factors such as latency, interaction method 
and data consistency”. To improve the user experience it may be helpful to make sure that the initial 
startup time does not seem excessive, implement partial rendering, to keep users aware of progress, 
ensure that both pointers and touch devices may be used, make sure that text flows in all 
circumstances, that the state of application data is consistent from device to device.    
6. Handling Variations in the Delivery Context 
Delivery Context means that different devices with different specifications and capabilities will be 
accessing the same web application and the application should therefore be designed to deliver the 
best possible user experience by being able to adjust the delivered web pages to the particular 
specifications of a range of devices. Client detection should preferably be perform on the server 
(Accept:/User-Agent/X-WAP-Profile), and if not possible on the client using JavaScript/CSS Media 
Types/CSS Media queries.  Create a number of application classes to target, so a device can be 
identified as a member of a class, allowing the web application to be directed at a few classes instead 
of a unmanageably large number of individual device models.  The above principles resemble the 
principles of the Responsive Web Design approach.  
7. Other Considerations. 
In this section a few points are made regarding using Canvas and SVG as ways of handling graphics 
in applications and network access, where it should be apparent whether user if network access is 
automatic and if so how to change it to manual access.  
The Best Practices document contains many important principles and methods which if used consistently in a 
design and implementation process would contribute to the viability and usability of a mobile web 
application. 
User-centered Design 
A practical example of user-centered design in a mobile context is the enterprise application project where 
Oracle created a mobile application containing a subset of the functionality of an enterprise human resources 
(HR) desktop application, giving employees access to a corporate personnel directory, an editable work 
profile, social networking and access to corporate HR data [76]. Oracle used a design process that consisted 
of seven components: requirements research, analysis, design, iterative prototyping and evaluation, 
implementations and usability bench-marking.   
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The requirements research was accomplished by conducting focus group interviews, where participants in 
the focus group were first given an overview of the procedures and goals of the session, and then were 
informed that Oracle wished to develop a mobile version of a HR application. The group session then spent 
most of its time discussing mobile device usage, the HR application itself and the participants’ ideas of what 
they could expect from a mobile version of the application.  
On the basis of the results of the focus group interviews designer created wire-frames, that represented an 
initial attempt at creating the mobile application interfaces. The Blackberry Bold and the iPhone were 
selected as representative devices as one uses a keyboard and the other is a touch device.  The wireframes 
were usability tested to obtain rapid feedback on the design. Six employees participated in the usability 
testing, which revealed multiple design issues, the most important of which was how to represent an 
organizational hierarchy in a device with so little screen space. 
The results of the usability test and the original design were used to develop a functional prototype for 
testing on actual mobile devices, and which design was usability tested by eight Oracle customers. The 
usability test was comparable to the wireframe usability test with the exception that participants were able to 
test the application on an actual mobile device.  The results of the usability test of the prototype yielded to a 
number of recommendations as how to improve the application’s usability. On particular recommendation 
dealt with the organization chart and the search function. 
Summing it all up, the user-centered design process tested by Oracle produced a design that is informed by 
initial user requirement findings from focus groups, which provide guidance for creating wireframe 
prototypes. The usability testing of the wireframes can be used to justify macro-level design decisions, and 
finalize the design of functional prototypes. The functional prototypes were subsequently usability tested in 
order to obtain user feedback to feed back to the design process enabling an iterative development of the 
functional prototypes. This should ensuring that the ultimate design is in harmony with user expectations 
3.6 Design Patterns for Mobile Computers 
Martin Fowler writes that Software Design Patterns were originally inspired by a 1977 book called A Pattern 
Language by Christopher Alexander et al which was concerned with town planning and building 
architecture.  The authors present a “pattern language” which is derived from their knowledge and practice of 
designing towns and buildings, and which can be used by others for a similar purpose. The entities of the 
language are patterns, where “Each pattern describes a problem which occurs over and over …and then 
describes the core of a solution to that problem, in such a way that you can use this solution a million times 
over, without doing anything the same way twice”. Each pattern from great to small have a title and a 
number, e.g. “Positive Outdoor Space (107)”, “Tree Places (171)” and “Garden Wall (173)”, so that they 
may be referenced and identified when used or considered for use in connection with town planning or 
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architectural work [77, pp. ix-xiii]. Erich Gamma et al  (“the Gang of Four”) credit this architectural pattern 
language for being the pattern for their software patterns as originally proposed in  Design Patterns, 
Elements of Reusable Object-Oriented Software, published in 1995 [78].  Martin Fowler writes that patterns 
focus on a solution to a frequently occurring problem and are therefore grounded in practice. Design Patterns 
are not finished solutions per se, but must be applied as a solution in the particular circumstances of the case, 
and could therefore be called “half-baked”.  A certain Design Pattern may be used multiple times, however 
almost never in an identical fashion [79, pp. 9 - 11].   
3.7 Designing Interfaces - Patterns 
Fowler was dealing with software design patterns that apply to enterprise application software, for example 
Class Table Inheritance, Front Controller, Table Module, Domain Model, a total of 51 patterns that provide 
solutions to various issues in constructing enterprise applications. Design Patterns are also used in the 
context of application interface design, for example Designing Interfaces deals with interface design at a 
visual level or graphic level where design principles are generally platform independent, and cover a range of 
application types, but are mainly about HTML interfaces. Patterns are characterized as “description(s) of best 
practices within a given design domain” [80, p. xviii]. Designing Interfaces covers a range of design issues, 
and explains Patterns in conjunction with the individual topics. Each chapter covers a topic,  Content 
Organization, Navigation, Page Layout, Lists, Actions, Graphical Data, Forms, Social Media, Going Mobile  
and a miscellaneous chapter dealing with style and aesthetics [80, pp. v - x].   
Patterns are presented in connection with a topic or issue, for instance chapter 4 covers the topic of Page 
Layout, and after explaining general UI design principles in this context, presents 13 different Patterns. Each 
Pattern is described in the same way: 4 questions each with a corresponding answer, the questions being: 
What, When, Why, How and followed by exemplary usage [80, p. 142 ff].  
A chapter of particular interest is Going Mobile, which deals specifically with Patterns applicable to Mobile 
UI design.  The author lists the challenges that are commonly met in connection with designing for mobile 
devices, and deals with the following list of factors:  
 Small screen sizes - the lack of screen space limits design possibilities. 
 Variable screen widths – designing for multiple screen sizes in the same application is difficult. 
 Touch screens – using touch screens can be difficult when targets are too small, which is often the 
case as screen space is limited. 
 Difficulties with entering text - few users enjoy entering text on the mobile keyboard, and it may be 
useful to limit the amount of keyboard interaction required by an application.  
 The physical environment – mobile devices are often used away from the desk, in the outdoors or 
simultaneously with other activities, creating a challenging situation for use of the mobile device. 
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 Social influences and limited attention – use of mobile devices happens frequently where users are 
distracted by other individuals, making even simple operations on the mobile device complicated. 
 Eleven mobile design patterns of special interest are presented: 
1. Vertical Stack – The navigational structure of the page is laid out vertically with little or no use of 
sidebars and navigational items in columns. This pattern is useful to compress multiple menu items 
in a small space (Figure 34).    
2. Filmstrip – Top-level pages are laid out horizontally and the users swipes to get from one to another. 
The pattern is used when separate pages are quite similar in content and layout (Figure 35). 
3. Touch Tools – In connection with media applications tools only become visible after the user 
touches the screen (Figure 36). 
4. Bottom Navigation - A vertical list of menu items are created at the bottom of the page. This pattern 
concentrates interesting content at the top of the page and lets navigation item go to the bottom of 
the page (Figure 37). 
5. Thumbnail-and-Text List – This pattern shows a list of selectable items, employing illustrative 
images and icons (Figure 38). 
6. Infinite List – This patterns may occur where an applications presents lists with many items, for 
example items in the inbox of a mail application. The pattern is implemented by placing a button at 
the end of the list which is used to append additional items to the list (Figure 39). 
7. Generous Borders – In this case an application surrounds items with ample space to prevent 
accidental activation of items in the interface (Figure 41). 
8. Text Clear Button – This pattern is used to enable the user to clear an input field (Figure 30). 
9. Loading Indicators - To avoid user frustration in connection with waiting for a function to present a 
result, the application employs an animated progress icon to let users know that the application 
hasn’t frozen (Figure 42). 
10. Richly Connected Apps –  The items in an interface are made linkable to the maximum extent, 
where for example telephone number will activate the phone, or mail addresses start an e-mail 
function (Figure 43). 
11. Streamlined Branding – This pattern is used to conserve screen space as compared the corresponding 
desktop application, hence the term: streamlined. (Figure 44). 
Whereas Designing Interfaces deals with design patterns in an individual chapter, Mobile Design Pattern 
Gallery [81] is a book dealing exclusively with patterns, where each chapter is devoted to an individual 
aspect of mobile design, containing multiple relevant patterns. There are a total of 70 individual patterns 
divided into chapters each dealing with design topics such as Navigation, Forms, Tables and Lists, Search 
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Sort Filter, Tools, Charts, Invitations, Controls, Help and finally Anti-patterns (don’ts).  400 specific 
examples are used to illustrate the use of the patterns in practice.  
As good or bad form design is an issue with respect to Resultmaker A/S web’s applications, Chapter 2 of 
Mobile Design Pattern Gallery, which deals with web forms, is relevant.  The main categories of forms are 
called Sign-in, Registration, Checkout, Calculate, Search, Multi-Step and Long Form (Figure 45). 
Important design pointers are: 
Sign-in and Registration: 
 Ensure that forms require a minimal amount of input, as in GroupOn  (Figure 46).  
 Try to design forms that will only require entering a password, if the app has just been installed, as in 
PNC’s Virtual Wallet. (Figure 47) 
 Eliminate redundant confirm fields for passwords and e-mail, as in PageOnce and Gowalla (Figure 
48). 
 Use vertical labels placed over the input field and watermark labels in fields rather than horizontal 
labels that truncate, as in  Evernote and Intuit (Figure 49) 
Multi-step: 
 Show current step and number of total steps on the current web page as in Fring (Figure 50). 
 Show and summarize all steps and submit option on one page. Each sub-page is reached from a 
button from the summary page (drill-down) as in TurboTax (Figure 51). 
 Use a progress indicator in the title bar to indicate present step and where the step is located in the 
process as in Square (Figure 52). 
Long Forms 
 Long forms require scrolling. Put the command and escape buttons in the title bar, as in Zappos 
(Figure 53). 
 Eliminate unnecessary fields as in Skype (Figure 54).  
Design patterns provide guidance and inspiration to designers who need to select or create practical solutions 
to specific usability problems, assuming problems and issue already have been identified and described.  
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4. Empirical – Usability Evaluation 
The present section describes briefly the prospective empirical work. The section describes the design of the 
evaluation, how the evaluation was conducted and finally which conclusions may be reasonably drawn on 
the basis of the data collected in connection with the evaluation. Section 5 describes and deals with the steps 
that will be taken to design and use technology to implement an appropriate solution with respect to the 
usability findings. The following is a high level outline of the next two sections:   
1. Empirical - Usability Evaluation [Section 4]. 
a. Design a usability evaluation of the Resultmaker A/S applications. 
b. Conduct the usability evaluation. 
c. Analyze the usability evaluation. 
d. Present Usability Issues revealed by the analysis. 
2. Empirical - Technological Experiments, Design and implementation [Section 5] 
a. Presentation of Possible Technological Approaches.  
b. Designing and constructing a new/modified interface for the application. 
c. Brief overview of how the usability issues have been matched with design and technical 
solutions. 
4.1 Designing the Usability Evaluation.  
The web pages to be tested belong to the Resultmaker A/S demo site which may be seen at this address: 
http://demo60.resultmaker.com . The demo-site provides multiple sample applications from which three 
specific applications have been chosen as subjects for usability evaluation:  
1. B2B Contract 
2. Apply for Social Benefits (Ansøg om Kontanthjælp) 
3. Terminate a Rental Agreement (Opsigelse af Lejemål).    
In the previous section regarding usability studies, a number of approaches have been discussed, and it has 
been decided to follow the methods described by Nielsen in Usability of iPad Apps and Websites [59] to 
conduct the usability evaluations. The Thinking Aloud Protocol (Method) using test plan and questionnaire 
templates found at the usability website http://www.usability.gov  [82] will provide guidance in creating the 
test plan and reporting the test results. 
4.2 Plan for Usability Testing 
The following is a plan for the execution of a usability evaluation of the web application provided by 
Resultmaker A/S for handling EForms.  The purpose of the usability test is to determine the quality of the 
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web application’s usability; the extent to which the application affords its users effectiveness, efficiency and 
satisfaction, in the context of the ISO definition of usability.  
The objectives of the usability evaluation are: 
1. Identify problems with the application’s interface and functionality such as 
a. Navigation errors 
b. Hard to find functions 
c. Hard to find information in screens 
d. Selection error due to confusing signals 
2. Test the web application in a supervised environment to measure the application’s usability. 
There will be a group of six test participants, of which none are professional testers. 
4.3 Methodology 
The Thinking Aloud Protocol will be used for testing the web interface, and the session will be concluded 
with the participant answering a questionnaire with questions relating to elements of usability in the style of 
the MoBiS-Q Tool [61].  
Procedure 
Participants will take part in the usability test at the personal residence of the test supervisor using two 
mobile devices, an iPad and an iPhone, to access the web application over the internet.  The test participant’s 
interaction with the Web site/Web application will be monitored by the test supervisor who will be seated 
next to the test participant 
The test supervisor will brief the participants on purpose and functionality of the Web site/Web application 
to be tested and will explain to the test participant that they are evaluating a web application, and that the 
procedure is not intended to be a test of their cognitive abilities in any way.  
At the start of each task, the participant will read aloud the task description from the printed copy and begin 
the task. Time-on-task measurement begins when the participant starts the task.  
The test supervisor will request that the participant ‘thinks aloud’ so that a verbal record exists of their 
interaction with the Web site/Web application. The test supervisor will observe and record user behavior, 
user comments, and system actions, including time to complete the individual tasks in writing.   
After a test participant has completed or attempted to complete all tasks on both the iPad and the iPhone, the 
test participant will be asked to complete the post-test questionnaire. 
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Usability Tasks 
In a real life situation, the task descriptions below would be required to be reviewed by the application 
owner, business-process owner, development owner, and/or deployment manager to ensure that the content, 
format, and presentation are representative of real use and substantially evaluate the total application.  Their 
acceptance is to be documented prior to usability test. In this case the test supervisor has written and 
approved the task descriptions below. 
The task scenarios are as follows: 
1. Using the B2B Contract EForm  
The B2B Contract EForm is used for ordering a subscription (maybe a newspaper), where the user 
enters personal information, chooses a product and finishes the procedure with a digital signature. 
2. Using the Apply for the Social Benefits EForm  
This form may not be ideal for usability testing as it is very long, consisting of 10 steps. On the other 
hand this may also be a good reason for testing the form. 
3. Using the Terminate Rental Agreement EForm 
The Terminate Rental agreement form is a form which flat tenants use to give notice of leaving their 
flats to the property owner.  
Post Test Questionnaire 
The questionnaire will pose a number of questions related to specific themes, and the participant will be 
asked to indicate his or her response to seven subjective questions on a scale from 1 to 5 (Likert scale), to 
enable numerical analysis of the test data.  There will be six questionnaires, one for each test. As each test 
will be repeated on both types of devices, there will be three tests on iPad and three on iPhone. At the end of 
the session each test participant will have answered six different individual questionnaires. The questionnaire 
templates will be a copy of the questionnaire below.  
TASK 1.1 
Strongly  
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
Thought application 
easy to learn? 
      
 
  
The form was easy to 
use? 
  
 
  
 
  
Was able to com-plete 
task quickly? 
  
 
      
Was able to complete 
task ?   
  
 
  
Were the forms 
pleasing to use? 
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Was the screen size 
adequate 
    
 
    
I would recommend 
the service to others.  
  
 
      
 
The questionnaire uses the summated rating scale as a way of assessing the attitude of respondents to the 
web interfaces they have just been testing. The scale is also known as the Likert scale as the scale was 
originally devised in the early 1930’s by the American psychologist Rensis Likert [83, p. 292 ff.].  The 
usefulness of these scales is derived from the fact that respondents usually find the questions interesting and 
enjoy completing the questionnaire, and when people find something interesting they are more likely to give 
considered rather than thoughtless answers. This is an important factor as the quality of the evaluation 
depends on the quality of the answers [83, p. 292]. 
Data Analysis 
Data analysis will be accomplished by compiling the task completion times and completion rates in tables. 
The questionnaire answers will be coded on a scale from 1 to 5 and compiled in 2 tables, one for each device 
type (iPad and iPhone).  The comments noted from the Think Aloud part of the test will be compiled in 
tables used to find significant design issues, design problems and use trends to be presented in the analysis of 
each test. See the analysis section below for more details regarding the method of analysis. 
4.4 Conducting the Usability Test 
The usability tests were conducted according to plan with the participation of six different test users in six 
individual sessions. Each session had duration of approximately one hour, and the notes taken at each session 
were finalized in writing immediately after the conclusion of the test.  Each session tested three 
Resultmaker.com forms using both an iPad as well as an iPhone, for a total of six tests per participant. The 
test users were encouraged to “think aloud” during the test session and verbalize their concurrent thoughts 
and feeling in connection with the use of the mobile devices on the forms in question. If the test user fell 
silent, the test leader would prompt the test user by asking questions, hoping to elicit a response. In the event, 
test users were not uniformly vocal. The six test users could be sub divided into two separate categories, 
where  the first category of test users were individuals accustomed to browsing and viewing web application 
using mobile devices, and who gave the impression of being somewhat resigned to the fact that using mobile 
devices to browse the web is more difficult than using a desk top. These users needed prompting to elicit 
opinions and reactions to the tests. The other category of test users were individuals who were used to 
browsing and viewing web application in mobile devices, but who were not resigned to the fact that 
browsing the web with mobile devices is more challenging than using a desktop, and consequently made 
frequent and heart-felt comments during the test sessions.  Each session was concluded with the test user 
completing the questionnaire described in the previous section.   
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4.5 Analysis of the Usability Test 
4.5.1 Data Analysis Methods and Algorithms 
The notes taken during the Thinking Aloud Protocol part of each test were used to formulate issues and 
suggestions which are vertically grouped by Task and horizontally by test participant see Tables 18 to 23. 
The frequency with which each issue or suggestion appeared in the notes gives the sort order of the rows 
pertaining to a specific task.   
In the questionnaire part of the test each test participant responded to a series of subjective questions, the 
answers to which are summarized in Tables 11 to 16. Each table is structured with a single question per row, 
and per column with Likert rating categories captioned “Strongly Disagree”, “Disagree”, “Neutral”, “Agree” 
and “Strongly Agree” (Table 11 to Table 16). Any given table cell will contain the frequency of the particular 
responses to the question that fall within that column’s category, for example, the frequency with which 
respondents ticked off the category “Agree”, “Disagree”, etc. The column called “Average Likert Value” 
summarizes the Likert value of questions using the following algorithm: 
                        
        
 
 where a = 5, and x = response frequency 
 
The algorithm produces a numerical quantity that represents the weighting of all the responses to the 
questionnaire on the Likert scale.  Example: for the question “where the forms pleasing to use” on line 5 of 
Table 11  the average Likert value is 3.7 on a scale from 1 to 5, thus: 
   
                   
 
     
The rightmost column of the table titled “Pct Agree” contains the ratio of the sum of the positive categories: 
“Agree”, “strongly Agree” to the number of all categories.  
   
   
 
   
Where n = number of “agrees”, m = sum of “strongly 
agrees” & a = number of responses 
In line 5 of Table 11 the overall percentage of positive response categories, “Agrees”, “Strongly Agrees” was 
50 %, as follows: 
   
   
 
         
These numerical quantities supplement each other to provide a more comprehensive picture of test users’ 
degree of favorability regarding the form being usability-tested. The bottom row of each task questionnaire 
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table contains the sum of that particular Likert rating with regard to all questions of the questionnaire, 
illustrating the overall favorability of test users in connection with that particular task. E.g. with respect to 
Task 1.1, a total of 16 respondents chose to answer “Agree” to the questions posted by the questionnaire. The 
average Likert value for the whole of Table 11 was 3.5 (bottom row to the right) while the percentage of 
positive responses to all questions was 61.90 %. Each questionnaire table is associated with a bar chart that 
shows the distribution of Likert ratings by overall frequency of the particular response, the data for which 
may be found in the bottom row of the each questionnaire table, in which the names of the Likert ratings 
form the x-axis and the frequency of answers form the y-axis. Figure 56 shows a relatively positive overall 
rating for the Task. 
Table 17 presents a high-level comparative picture of all six tasks, showing (1) average time consumption 
per task, (2)  tasks completed, (3) task completion rate, (4) overall favorability on the Likert scale and (5) 
overall favorability calculated as the ratio of “Agrees” and Strongly Agrees” to all responses. Finally, all 
variables are averaged per device type in the last two columns to the right of the table. The bar charts in 
Figure 67 and Figure 68 are both associated with Table 17. The x-axis of the bar chart found in Figure 67 
consists of the columns headings: Task 1.1, Task 2.1, Task 3.1, Task 2.1, Task 2.2, Task 3.2, iPad, iPhone, 
ordered in ascending order of Likert Ratings. The y-axis consists of the Ratio of “Agree” plus “Strongly 
Agree” to all Likert Ratings. The x-axis of the bar chart in Figure 68 consists of the same columns headings 
as above while the y-axis is Overall Favorability as Average Likert Rating of the individual Tasks’ overall 
Likert ratings, as seen in tables 11 to 16. The bar charts provide a graphic perspective on the numerical data 
provided by tables 11 to 17. 
4.5.2 Analysis of Usability Test Data 
In the following section Usability Test Data will be analyzed to attempt to draw some conclusions regarding 
potential problems with respect to the usability of the forms, and thereafter present some suggestions as to 
how the identified problem might be alleviated and perhaps improved.  
4.3.2.1 Analysis of Task Completion 
Completion rates are found in Table 17, line 3. All test participants were able to complete Task 2.1 (Apply 
for Social Benefits on iPad) and Task 2.2 (Apply for Social Benefits on iPhone), while a majority (67 %) 
were able to complete Task 1.2 (B2B Contract Form on iPhone), half (50 %) were able to complete Task 3.1 
(Terminate rental Contract on iPad), a third (33 %) were able to complete Task 3.2 (Terminate rental 
Contract on on iPhone) and finally a sixth (16.7 %) were able to complete Task 1.1 (B2B Contract Form on 
iPad).  The varying completion rates for the different tasks were caused by an unclear path to completion in 
the B2B Contract form and the Terminate Rental Agreement Form making it difficult for users to understand 
the steps needed to complete the forms. While the Apply for Social Benefits forms were more complex 
overall, there is a clearer path leading users to a successful completion of the forms.   The middle completion 
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rate for tasks executed on an iPad was slightly lower (55.6 %) than for task completed on an iPhone (66.7 
%).  The bar chart in Figure 66 shows task completion rates in a way which makes the difference in 
completion rates quite obvious.   
The problem with respect to completion rates appears to be that while test users are able to use the forms in 
general, the signing procedure is confusing to users, which seems to be the reason for users not being able to 
complete the form in those cases where task completion did not occur.  
4.3.2.2 Task 1.1 – B2B Contract Form on iPad 
The relevant data is found in Table 11 and Table 18. The associated bar chart in Figure 56 has Likert ratings 
as its x-axis and response frequencies as its y-axis, on the basis of data contained in Table 11.The visual 
impression of this bar chart indicates a positive weighting of Likert values. The bar chart in Figure 68 shows 
a single bar per task/form test as an overall value, found in the bottom row of each questionnaire table. Task 
1.1 has the second highest overall rating of all six tasks, see Figure 68. The main problem with this form 
seems to be that users are not able to complete the process either because of a design bug or confusing 
signals in the signing form page; a perception which is confirmed by the low completion rate of 0 %.  
Table 11 of issues and suggestions provide only a few pointers; users mention that cookies need to be 
enabled, and that the displayed prices shouldn’t be displayed in an input field, which is read only.  
The issues that need to be solved are (1) eliminating the bug or the confusing design of the signature form 
page to make it easier to complete the form, and (2) changing the appearance of the read-only field, so it 
becomes obvious to users that this field is for information only.  
4.3.2.3 Task 2.1 – Apply for Social Benefits on iPad 
 The relevant data for this task is found in Table 12 and Table 20. The bar chart in Figure 57 shows a fairly 
even distribution of Likert values with a middle value of 3.3 where comparative rating of the task is slightly 
higher than neutral (see Figure 68). Amongst the individual Likert values, the lowest values were “Was able 
to complete task quickly” (2.8) and “Would I recommend the service to others” (2.8).  This would indicate 
that users found the form hard to use, however not impossible to use. With respect to issues and suggestions, 
the most frequently stated issues were (1) that radio buttons were hard to hit with 66.7 %, (2) web pages 
were incredibly long, (3) the calendar widget was hard to hit, with 33.3 %, and (4) zooming and scrolling 
was necessary to see the content of the screen properly –the last issue was actually two similar issues 
combined with 33.3 %. 
The issues which most seem to need remediation are (1) the layout of the forms, which need to be changed 
so that users can see the whole form without having to zoom and scroll constantly, and to ensure (2) that 
buttons are easier to tap efficiently, including the calendar widget. Finally (3) shortening the length of pages 
should be considered as this seems to be a problem for users.  
38 
 
4.3.2.4 Task 3.1 – Terminate Rental Agreement on iPad 
 Figure 58 shows the bar chart of the overall favorability of the form, which displays a distinct bias to the 
“Agree” and “Strongly Agree” side of the Likert scale. The relevant data is found in Table 13 and Table 22. 
The lowest values given for Likert ratings were 3.3 for all three questions: (1) “Pleasing to Use”, (2) “Would 
Recommend to Others” and (3) “Able to Complete Task”.  “Overall favorability” is 3.7; At this value the 
task and form receive the highest rating of all Tasks and forms (see Figure 68).  
The main issue mentioned by test users (line 1: Table 22) is the tendency of the application to “disappear” if 
users hit the wrong button, a problem which obviously needs attention, as this tendency is detrimental to the 
usability of the form. This issue is technically speaking the situation where having hit the particular button, 
the web page redirects the browser to a new page which displays some unformatted lines of data obviously 
not meant for consumption by users. As users in this way are led to a separate web page, they become 
confused as they search in vain for a way back to the original application (web page). To get back, users will 
need to get an overview of open web pages in the browser, and then select the relevant web page containing 
the web form application to get back. This issue can be considered to be a very serious usability issue, as it 
causes the use of the web application to be quite frustrating for users who are unlucky enough to have 
accidently hit the ‘show data’ button. 
4.3.2.4 Task 1.2 – B2B Contract on iPhone 
The visual impression given by the bar chart in Figure 59 is that the web form has positive features as well as 
negative; however its “Neutral” rating is quite low. The Likert rating for neutral is surrounded by the left 
side with high bars for lower Likert values and to the right with bars with high Likert values.  According to 
Table 14 a Likert rating of 2.0 was given to the question: “was the screen size adequate”, and 2.3 was given 
to the question “did you complete the task” and finally 2.5 was given to “was it pleasing to use”. The 
impression given by these responses is that of a form with usability problems, although the bar chart (Figure 
68) shows that the form occupies the dead middle of the x-axis, meaning that the overall favorability was 
neither positive nor negative.  The relevant issues for this task are compiled in Table 19. The major issue for 
users is that they need to zoom in to see the form clearly, mentioned by 67.7 % of users, while 50 % of users 
mention that they need to scroll to the left and right when zoomed in and finally 33.3 % of users mention that 
zooming in actually impedes their ability to have a clear view of the screen.  
Although the average Likert value of 3.3 (Table 13 – bottom row) indicates a neutral rating for the form, the 
issues brought up by users indicate that the form has usability problems. The main problem that needs to be 
dealt with in this form/task is to ensure that users have a clear view of the form, without needing to 
manipulate the screen constantly, i.e. zooming in and out as well as scrolling left and right. 
39 
 
4.3.2.5 Task 2.2 – Apply for Social Benefits on iPhone 
A definite bias to the low side of the Likert scale is evident from the bar chart (Figure 60), where the overall 
favorability according to Table 15 has an average Likert value of 2.5, the lowest of all the Task/forms. 
Looking to the bar chart in Figure 68, it will be obvious that this form or task ranks lowest.  The questions in 
Table 15 with the lowest ratings are: (1) “Were the forms pleasing to use” with 1.8, (2) “Was the screen size 
adequate” with 1.3,   (3) “Was the form easy to use” with 2.5 and (4) “I would recommend the service to 
others” with 2.0.  
Test users mentioned 15 issues and suggestions (Table 20) of which three were quite prominent, namely: (1) 
“Buttons hard to hit” with 67.7 %, (2) “pages are incredibly long” with 50.0 % and (3) “calendar widget 
hard to hit” with 33.3 %.  Three issues that resemble one another may be combined to form one issue which 
could be called “users need to zoom in and swipe left and right to use the form”  mentioned by 50.0 %.  
The overall impression is that in order to increase the degree of usability of the form, buttons will need to be 
more easily tappable, and the form pages will need to be useable without having to endlessly zoom in and 
out of the form, and swipe to the left and the right. Users mentioned the incredibly long pages in connection 
with testing the form on an iPad – it may be safely assumed that this is also a usability issue when using the 
same form on iPhone, even though no test users made mention of it when testing on iPhone. 
4.3.2.6 Task 3.2 – Terminate Rental Contract on iPhone 
The bar chart in Figure 65 gives the picture of an overall favorability tending to the lower end of the Likert 
scale. The ratings are evenly balanced between “Strongly Disagree” and “Agree”, contemplating the bar 
chart in Figure 68, it will be seen that this Task is the second lowest rated of all tasks/forms.  The lowest 
(Table 16) Likert rating given by users is 1.8, for the question “Was able to complete the Task”, 2.0 for “Was 
screen size adequate”, 2.5 for “Were the forms pleasing to use” and 2.5 for “Was able to complete task 
quickly”.  The issue of not being able to complete the task is similar to the responses given to Task 1.1 (on 
the iPad).  
The major issues and suggestions brought up by test users during the test (Table 23) are “Need to zoom in to 
get a clear view of screen” (100 %), “Must scroll left and right” (100 %), and “If you hit the wrong button 
the application gets lost” (66.7 %). The last issue could be combined with “Hitting the ’show Data’ button 
gets the user lost” (33.3 %) in which case the percentage of users would rise to 100 %.   
Usability problems revealed in regards to this task, are similar to those found in other iPhone based tasks:  
(1) too little screen space making it necessary to zoom in and swipe left and right, and (2) the issue of 
“getting lost in the application”.  
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4.5.3 Conclusion 
The overall favorability of users per task is displayed in Tables 11 to 17 and Figures 56 – 36 and Figure 65, 
while the overall favorability for all tasks is shown in Table 17 and Figure 67, which provides a way of 
comparing tasks.  The bar chart in Figure 68 shows that the three lowest rated tasks and device are Task 2.2, 
3.2, iPhone and 1.2 in ascending order, while the highest rated tasks are Task 2.1, iPad, 1.1 and 3.1. Thus the 
three lowest rated tasks are performed on iPhone, while the three highest rated tasks are performed on iPad, 
from which follows that usability problems are more pronounced when executing tasks on iPhone, than when 
performing the same tasks on iPad.  
The main problems arising from usability issues may be listed as follows:  
1. Task 1.1 - B2B Contract EForm on iPad 
a.  Eliminate bug or design anomaly that prevents completion of task 
2. Task 2.1- Apply for Social Benefits on iPad 
a. Change layout so users have a clear view of pages without zooming in. 
b. Make buttons easier to hit and 
c. Shortening the length of pages 
3. Task 3.1 – Terminate Rental Contract on iPad 
a. Solve the problem of the application disappearing when the ‘show data’ button gets clicked. 
4. Task 1.2- B2B Contract EForm on iPhone 
a. Change layout so that users have a clear view of pages without zooming in. 
5. Task 2.2- Apply for Social Benefits on iPhone 
a. Change layout so that users have a clear view of pages without zooming in. 
b. Make buttons easier to hit. 
c. Shortening the length of pages 
6. Task 3.2– Terminate Rental Contract on iPhone 
a. Change layout so that users have a clear view of pages without zooming in. 
b. Solve the problem of the application disappearing when the ‘show data’ button gets clicked.  
The zoom usability issue can be illustrated by first considering Figures 36A and 36C which show the Apply 
for Social Benefits start page on an iPhone in portrait/landscape mode as it initially appears when clicked by 
the user. The text fields and input fields are very difficult to read without zooming in.  Go now to Figure 62 
and Figure 64 to see the Apply for Social Benefits start page after the user has typed some text in an input 
field. The device has zoomed automatically in, and while the user can clearly read a few text and input fields, 
he or she cannot see much else, and just as importantly, the device remains zoomed in unless the user 
manually zooms out, to get a better view of the whole start page.   
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5. Designing and Building the Prototype 
The usability evaluation disclosed multiple issues related to the three elements of the traditional ISO 
definition of usability (1) Effectiveness, (2) Efficiency and (3) Satisfaction.  Lack of effectiveness is 
represented by the failure of some users to be able to complete the processes, and therefore not being able to” 
achieve intended goals”.  Lack of efficiency is represented by the cumbersome ways some of the forms 
functioned, the instability of the forms, the potential to get lost, and the potential to click the wrong buttons 
which increased “the amount of resources expended to achieve goals”. Finally lack of satisfaction is 
represented by users finding the forms poorly designed and exasperating to use, and therefore not “being free 
from discomfort” and subsequently not having “positive feelings towards use of the product” [52].   Some of 
the forms, Apply for the Social Benefits or Terminate a Rental Contract are intended to be used by all 
persons in society, without limitation, which implies the quality of universal usability, since persons of all 
ages and cognitive abilities are potential users, via a variety of computer devices, and whether or not users 
suffer from significant technical and/or knowledge gaps with respect to the use of the web forms [51].    
The general forms of issues found in the evaluation were:  
1) Read-tap symmetry – text is legible but users find it hard to impossible to click a button. 
2) Accidental navigation – when using the web form, it is possible for users to accidently activate a 
function that leads to unexpected results or leads the user away from the application. 
3)  Lacks of screen space – users find it necessary to zoom in and scroll sideways. 
4) Long forms – the length of forms is excessive. 
5) Information overload – the amount of information loaded into a page is excessive. 
5.1 Possible Solutions 
The existing application is a web application, characterized by not being optimized for use in mobile devices, 
but being reasonably usable in such devices.  Google, Apple and Microsoft suggest several approaches to 
improving the usability of applications of this type (see section 3.4):   
1) Develop and deploy mobile device applications programmed in the native OS of the devices 
intended to be used to access the application, which entails building multiple, parallel applications 
(Apple, Google). 
2) Develop a web application which emulates the look and feel of a genuine mobile application. This 
entails developing several versions, as the look and feel of a mobile application varies from OS to 
OS (Apple).  
3) Use CSS, Javascript, styling and progressive enhancement to allow the client to adapt to the 
accessing browser (Apple, Microsoft, Responsive Web Design). 
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4) Develop a web application that allows the web server to serve differentiated HTML according to the 
detected device characteristics (Microsoft). 
5) Do nothing (Microsoft).   
To be able to make a qualified decision between the different solutions available to solve web application 
usability issues, one would have to prototype each one, which, however, may not always be a feasible course 
of action. Selecting an approach beforehand requires judging which type of solution would be the most 
appropriate in the circumstances, maximizing the cost-benefit ratio for the web site owner.  Solution 3) 
where the problems are solved on the client, using Responsive Web Design would mean being able to limit 
the application to one web site, having a single, albeit differentiated code base, and being cross-platform 
compatible with respect to the most prevalent browser types: Safari, Internet Explorer, Firefox, Chrome, 
Opera as well as multiple computer devices, whether mobile or stationary.  This solution does not entail the 
development of multiple client applications, or multiple web applications containing redundant functionality, 
and which would intensify the cognitive load on organizational resources tasked with planning, developing 
and maintaining the web applications. On the other hand solving the problem on the client through use of  
Responsive Web Design requires more complex design and programming in the client, than where the 
solution is found in developing multiple, each on their own, simpler applications. (See Jacob Nielsen’s 
reservations in this respect p. 24) 
5.2 Responsive Web design as a Solution 
As stated previously Responsive Web Design consists of three elements or components:  
 A flexible grid-based layout 
 Flexible images and media 
 Media queries (a part of the CCS3 specification) 
The technical basis of these components is a combination of the HTML, CSS and Javascript core 
technologies which is used to create and present content on web sites, of which more later. 
5.2.1 HTML and the HTML Document Object Model (DOM) 
 As of 17 December 2012 [84], the newest definition of HTML is the HTML version 5, which will be the 
standard used in the following [85]. Ideally, HTML is best used for structure and content, and should not 
carry any form of presentational elements. CSS is a layer of presentation and should lack any form of 
content, while Javascript is a layer of behavior, which should be empty of information or presentation [86].  
DOM is an abbreviation of “Document Object Model”, and describes the properties and the methods 
available to construct and manipulate an HTML document [87]. CSS and Javascript are separated from the 
HTML markup, but utilize the HTML DOM application interface to access the HTML DOM object to 
achieve the desired presentation.   As a web application is a form of distributed communication, a web 
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application client will connect to a server that can offer the data required by the client. The foundation upon 
which this form of communication rests is the Hypertext Transfer Protocol, (HTTP) which is defined by the 
W3 consortium as an “application-level protocol for distributed, collaborative, hypermedia information 
systems. It is a generic, stateless protocol which can be used for many tasks beyond its use for hypertext. .. ” 
[88].  The communication between the web server and the web client (Internet Browser) consists of a series 
of HTTP message exchanges, where the client starts the exchange by sending a HTTP request to the web 
server, which responds with a HTTP Response.  The format of a HTTP message is as follows:  
generic-message = start-line 
                 *(message-header CRLF) 
                 CRLF 
                 [ message-body ] 
start-line      = Request-Line | Status-Line [89] 
 
The actual medium of communication between the client and server is a text message, formatted according to 
standards defined by the W3 Consortium (W3C).  While the HTTP Request is of interest in this context, the 
HTTP Response is even more so, as it contains the data that become the web application’s pages.  Upon 
receiving a correctly formatted HTTP Request from a client browser, the web server reacts by returning a 
HTTP Response, which is interpreted by the browser and rendered accordingly [90]. For an example of how 
the principle functions see Listing 1, http://in-nit.dk/project/listing1.htm.7 When a client browser sends a 
HTTP request to the web server the server will returns the data, see Figure 69 and Figure 70. Figure 69 
shows the HTTP Request headers as sent to the web server, and the HTTP Response Header returned with 
the HTTP Response to the client browser. The message body is seen in Figure 70, and which consists of the 
data that will be interpreted and rendered to a web page by the client browser.     
 
5.2.2 The HTML DOM model  
After receiving  the HTTP Response content the client browser will interpret the HTML markup contained, 
and construct a HTML DOM object that corresponds to the transmitted HTML code, immediately prior to 
displaying the web page on the computer screen.   The W3 Consortium defines the DOM model as follows:  
"The W3C Document Object Model (DOM) is a platform and language-neutral interface that allows 
programs and scripts to dynamically access and update the content, structure, and style of a document." [91]  
The DOM standard is divided into a HTML DOM model, and a XML DOM which is not relevant in the 
context of this paper.  Figure 71 shows a rough sketch of the structure of a HTML document which 
illustrates the structure of the HTML DOM model.  As previously mentioned the HTTP protocol is a 
stateless protocol, and the pure HTML document has generally no connection back to the web server of 
                                                            
7 The code in Listing 1 is based on an example of web page responsiveness found in HTML5 for iOS and Android, 
pp.268-273.  [95] 
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origin, unless a new HTTP Request is issued by the client for which reason the rendered page seems to be 
static. Having said that, a HTML document can be modified dynamically, using the methods, properties and 
objects of the DOM model, using either CSS and/or Javascript.  Listing 1 ( http://in-
nit.dk/project/listing1.htm )will be used as a simple demonstration of the DOM Object model and how 
Javascript may be used to manipulate the elements of a web page.  The HTML DOM model’s components 
and how they function are outlined in the following [92]: 
1. DOM Elements – The elements of a HTML document are the objects created by tags, for example 
<p>, <div>, <h1>, <table>, and are the basic structure of the web page, creating the information 
structure of the page. The example in listing 1 contains a single <div> tag, which is used to contain 
the image and the text. 
2. DOM Nodes - All parts of a HTML document are called Nodes, which are related to one another in 
a hierarchical fashion using terms like: Parent, Sibling, Child. The root element <HTML> is a 
special case, which has no parents or siblings, only children.  Figure 73 shows how the nodes of 
listing 1 are related to one another in accordance with the general principles illustrated in Figure 71.  
3. DOM Methods - The methods of the DOM model may be used by Javascript functions to access, or 
modify the elements of which a HTML document consists. Methods such as getElementById(), 
createElement() or setAttribute() return references to elements of the DOM object, which in turn are 
used to modify elements.  In the listing 1 the getElementById () method is used to get a reference to 
the <div> element with the id attribute = ‘content’ in order to add content to it. 
4. DOM Properties – The model has properties as well: NodeName, NodeValue, innerHTML. The 
innerHTML property is used to access the content of an element, e.g. the content of a <div> or <p> 
section. 
5. DOM Access. Accessing elements may be accomplished by the use of the “Elements”–methods: the 
getElementById () method obtains a reference to an HTML element with the specified ID, the 
getElementsByTagName () method will obtain an array containing the elements in the document 
created by that tag, e.g. <p>, and the getElementsByClassName () method (The latter method is new 
in the HTML5 standard [93]) will return a list of elements belonging to a style class. In the example, 
the <div id=’content’> is retrieved by using the getElementById () method. 
6. DOM Content – Modifying content is performed by using the innerHTML property, while changing 
style is done by using the .style attribute, as seen in listing 1, line 89 – 91  where an element’s style is 
changed like this: 
   function adjustElement(id){ 
        el = document.getElementById(id).style; 
        el.textJustify = 'justify'; 
        el.fontSize = fontSize; 
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   } 
 This above approach functions similarly to a line of CSS code or inline styling, however when 
performed via  Javascript, the change may be effectuated at any time after the HTML document has 
been rendered. 
7. DOM Events – Events are registered by handlers, and allow reactive behavior in the following 
cases: when  1) the mouse is clicked or hovers over an element, 2) the web page or images have been 
loaded, 3) a key is hit 4) an input field’s content changes or 5) when the submit button is pushed.  
 
5.2.3 Viewport Meta Tag 
An important HTML tag is the <meta> tag; The <meta> tag is a standard tag, however a <meta> tag with the 
name attribute “viewport” is a non-standard usage developed by Apple for Apple mobile devices [94]: 
 <meta name="viewport" content="width=980" />.  
This usage governs the way a HTML document is initially displayed on the device screen. The viewport can 
be conceived as being a window through which a user views the HTML document. The default value for the 
width of the viewport is 980 pixels, so if a HTML document has a width of 320 pixels, it will be displayed in 
the upper left hand corner leaving blank space below and to the right (Figure 74). Had the HTML document 
had a width of 980 pixels and the viewport only 320 pixels, only a fragment of the web page would be 
visible (Figure 75).  Robin Nixon [95] writes that his tests have shown that the standard width of 960px for 
web pages designed to be viewed on ordinary desktop computer screens displays well on mobile computer 
devices. For instance the iPhone has 960 pixels in width in landscape mode, and will therefore scale well. 
This applies equally well to a variety of iOS and Android devices.   To enable iOS or Android devices to use 
the 960 pixel width dimension it would be necessary to enter the following line of code in the HTML <head> 
section:  
<meta name="viewport" content="width=980" />8.  
The meta tag can be used in additional contexts, for example in situations where the width of the viewport 
should follow the actual width of the device screen, in which case the meta tag could be written as: 
 <meta name="viewport" content="width=device-width; initial-scale=1.0;"> 
  
                                                            
8 This meta-tag usage is a non-standard usage developed by Apple developers for the Safari browser, which however has become a 
de facto standard [99] for setting the width of the viewport window expected by the HTML document. Another configuration of 
the tag is to write <meta name="viewport" content="width=device-width"> which will adjust the viewport to whatever 
dimensions the device may have. [94] 
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The above will be discussed in detail in section 5.2.7 Media Query Example.  A final example of usage 
would be to prevent the device screen from zooming in any circumstances, using the following line: 
<meta name="viewport" content="width=device-width, initial-scale=1.0, maximum-
scale=1.0, user-scalable=0" /> 
 
The setting that prevents zooming is user-scalable=0. 
5.2.4 Javascript and HTML DOM 
Javascript, actually ECMAscript, is a scripting standard [96]  published by EMCA [97] 9 which is 
implemented in a browser by individual browser implementors. Javascript is called script because it is a non-
compiled language which is interpreted in conjunction with execution.    Listing 1 is a simple example of 
how Javascript and the DOM model can be used to allow the web page to be rendered responsively, that is 
responsive to the device type from which the client browser is communicating.  With regard to configuring 
appropriate font sizes and image sizes, two important points must be made: while font sizes scale reasonably 
well in an upwards direction, images scale better in the opposite direction. The example code features a 
single image: “the_earth.gif”, which has a natural dimension of 480 x 480 pixels displaying reasonably well 
on a desktop when the image is scaled to 240 x 240 pixels. To appear reasonably well on mobile devices, the 
corresponding dimensions should be 1) 480 x480 pixels, for Android devices, 2) 441.6 x 441.6 pixels for the 
iPhone and 3) 360 x 360 pixels for the iPad. To enable an individual HTML document to accommodate the 
varying dimensions of multiple device types, it needs to be given the ability to modify the dimensions of 
HTML elements on the fly. One way of accomplishing this goal will be explained in the following.   
The Listing 1 example consists of two parts. The first part is the HTML markup, the second part is the script 
section, containing Javascript code, which modifies the DOM object after it has been loaded.  The first lines 
of code (279– 37) compose the main section which controls program execution: 
//========================================================== 
// MAIN SECTION 
//========================================================== 
    var PORTRAIT = 0; 
    var LANDSCAPE = 1; 
    var sizeFactor, fontSize, currOrientation; 
    var currInnerWidth = window.innerWidth; 
    var currInnerHeight = window.innerHeight; 
     
    var originalwidth = new Array();     
    var originalheight = new Array();    
    var int=window.setInterval(function(){updateLayout()},500); 
 
The script starts by creating constants and variables for later use. The last line of code sets up a polling 
                                                            
9 ECMA – European Computer Manufacturers Association, now ECMA International, a standards organization. 
http://www.ecma-international.org/  
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mechanism which iterates the updateLayout () function in an endless loop. The reason for looping the 
function is to regularly check whether the orientation of the mobile device has changed from portrait to 
landscape or vice versa, and in the event adjust the style and layout to fit the new orientation.  As an 
alternative method the orientation change event handle could have been utilized for this purpose, however 
this method seems to function differently depending on whether the device is iOS or Android based. The iOS 
way is for the event handler to send the message that the orientation of the device has changed and 
simultaneously update the width and height attributes, while the Android way is to update the width and 
height attributes after sending notification, which means that width and height measurement are misleading 
for a short time span, creating incorrect readings. To avoid this kind of confusing information during the 
execution of code that needs to be compatible with multiple operating systems, the polling method has been 
implemented, although the event model would be preferable if only it would function in a consistent way.    
The updateLayout () function contains the main logic of the program in lines 43 - 55: 
    function updateLayout() 
      { 
         if(currOrientation != checkOrientation()) { 
            currInnerWidth = window.innerWidth; 
            currInnerHeight = window.innerHeight; 
            currOrientation = checkOrientation(); 
            setFactorsMethod1() //or setFactorsMethod2() 
            adjustMargins('img_earth'); 
            adjustElement('content'); 
            resizeImages(); 
            displayDeviceDimensions('content'); 
        } 
    } 
 
The first line of code checks whether the current orientation, which was stored as a constant (PORTRAIT or 
LANDSCAPE) from the last time the function ran, is identical with the present orientation, and if not so will 
proceed to the code contained within the if-statement. The function which checks device orientation is 
checkOrientation (), which is at Listing 1 in lines 151 – 157: 
    
 function checkOrientation (){ 
        if(window.innerHeight>window.innerWidth) 
            return PORTRAIT; 
        else 
            return LANDSCAPE; 
    } 
 
This function simply compares the window.innerHeight attribute with window.innerWidth, and if 
innerHeight is greater than the innerWidth, will return the PORTRAIT constant, otherwise the LANDSCAPE 
constant will be returned. Execution of updateLayout () continues with codes updating the current height and 
width and orientation and then executes setFactorsMethod1 () or setFactorsMethod2 ().  These methods 
contain two alternative approaches to setting the factors that will be used to adjust HTML elements in the 
web pages using Javascript and the DOM model. The copy of Listing 1 that is found at http://in-
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nit.dk/project/listing1.htm  uses Method 1 while the alternative Method 2 is used at http://in-
nit/project/listing1a.htm.  The code for Listing 1A is identical to the code in Listing 1except for line 49: 
setFactorsMethod1()//or setFactorsMethod2(). The program code of Listing 1A is will not be 
listed in this report to avoid redundancy.  Function setFactorsMethod1 () is found at Listing 1 in 
lines 116 – 133: 
    function setFactorsMethod1(){  
         
        if (screen.width < 321 & innerHeight < 645) { 
            fontSize = '12pt'; sizeFactor = 0.50;  
        } else if (screen.width < 321 & innerHeight < 1092) { 
            fontSize = '22pt'; sizeFactor = 0.92;  
        } else if (screen.width < 481) { 
            fontSize = '22pt'; sizeFactor = 0.92; 
        } else if (screen.width < 601) { 
            fontSize = '20pt'; sizeFactor = 0.85; 
        } else if (screen.width < 769 & innerHeight < 645) { 
            fontSize = '12pt'; sizeFactor = 0.50; 
        } else if (screen.width < 769 & innerHeight < 1186) { 
            fontSize = '16pt'; sizeFactor = 0.75; 
        } else{ 
            fontSize = '12pt'; sizeFactor = 0.50; 
        } 
    } 
 
The main purpose of the preceding code is to query the physical size of the device display with 
window.screen.width (or screen.width) in conjunction with window.innerHeight (or innerHeight), which is 
the virtual height of the screen. Table 25 lists a number of example breakpoints which are practical to use in 
this context. If an iPhone were held in its portrait position, its screen would be 320 pixels wide, and its inner 
height would be 644 pixels, while an iPhone held in its landscape position would still have a screen width of 
320 pixels, whereas  while its inner height would be 1091 pixels. Each case requires differing font sizes: 
'12pt' or '22pt', and differing image adjustment factors: 0.50 or 0.92 to display reasonably well.  An 
iPad has a screen size of 769 pixels and an inner height of 645 pixels when held in landscape mode and a 
screen size of 645 pixels and an inner height of 1185 when held in portrait mode. The corresponding factors 
are font sizes: '12pt' or '26pt', and image adjustment factors: 0.50 or 0.75 in order to display 
reasonable well. Devices with screen size exceeding 769 pixels are considered desktops, and are given a font 
size of '12pt' and image adjustment factor: 0.50. (The setFactorsMethod1 () function has not yet been 
tested on Android devices, and it is therefore not known how Android devices would react with the program 
code)  After setFactorsMethod1 () ceases execution, updateLayout ()  resumes  in  line 50 where it invokes 
the adjustMargins(id) function on lines 94 - 97: 
    function adjustMargins(id){ 
        el = document.getElementById(id).style; 
        el.margin = '0px 20px 20px 0px'; 
    } 
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This function takes the ‘id’ argument to use as an argument in line 95, where the getElementById() method 
chained with the style attribute returns a reference to the style object of the HTML element, which in the 
current example is the graphical image ‘img_earth.gif’. The purpose of this is to demonstrate how to set the 
margins of an image.  After this function is finished, the updateLayout () function resumes execution at line 
51 where it invokes the adjustElement (id) function on lines 88 - 92: 
   function adjustElement(id){ 
        el = document.getElementById(id).style; 
        el.padding = '1px 2px 2px 1px'; 
        el.fontSize = fontSize; 
   } 
 
The  function above passes the ‘id’ argument to the getElementById()  method and uses the reference 
returned to adjust the ‘content’ div-element of the web page, by setting new padding numbers and changing 
the font size of the element using the font size previously determined by the function setFactorsMethod1() or 
setFactorMethod2() .  The next function is called by updateLayout () on line 52, where function 
resizeImages () is invoked (lines 73 - 86).  
   function resizeImages(){ 
        images = document.getElementsByTagName('img'); 
        for (j = 0 ; j < images.length ; ++j) 
        { 
            if(originalwidth[j] == null) 
                originalwidth[j] = images[j].width; 
            if(originalheight[j] == null) 
                originalheight[j] = images[j].height;    
            images[j].width  = originalwidth[j]*sizeFactor 
            images[j].height = originalheight[j]*sizeFactor 
            images[j].title = "width:" + images[j].width  
                    + "x height:" + images[j].height 
        }        
   } 
resizeImages () is a slightly more complex function than the previous two functions, as it will invoke the 
getElementsByTagName(tagname) function, which returns an array of the elements of the HTML document 
created with the specified tag name. As the tag name is ‘img’ the function will return an array of the 
document’s images created with the ‘img’ tag10. The function resizeImages () is designed to adjust the image 
size of all img-elements in the pages. The original dimension of each image element is stored in the two 
arrays originalwidth and originalheight, during the initial execution of the function. When resizeImages () is 
later invoked, the adjusted image size is determined by multiplying the original dimensions with the 
sizeFactor number, which was previously set by the setFactorMethod1()  or setFactorMethod2() methods11.   
                                                            
10 The statement images = document.images; would have returned a HTMLCollection of images, containing the same images as 
above [139].  The reason for using the getElementsByTagName () method is merely to demonstrate the way the function works.  
 
11 Width and Height are direct properties of the DOM image object. An alternative way of setting the width and height of the 
image is through the style of the image. The proper syntax would then be object.style.width = xxx px and object.style.height  = xxx 
px.  A difference between these properties is that width/height is set using an integer, e.g. object.width = 480, while 
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Finally the displayDeviceDimensions(id) function (lines 99 – 106 ) is invoked in line 53: 
    function displayDeviceDimensions(id){ 
        el = document.getElementById(id); 
        el.innerHTML = el.innerHTML + '<h3>Screen Dimensions</h3>Width: ' +  
            screen.width + '<br>Height: ' + screen.height + "<br>innerWidth: " + 
            innerWidth + "<br>innerHeight: " + innerHeight +  
            "<h3>Image Dimensions</h3>Width: " +images[0].width + 
            "<br>height: " + images[0].height; 
    } 
 
This function has the dual purpose of demonstrating how to modify the content of an HTML element, and 
how to show the screen dimensions and the inner width and height dimensions used on the particular device 
type accessing the web page.  The function uses first getElementById (id) to return the div-element with 
id=’content’, and then accesses the innerHTML attribute of the element. The next step is to construct a string 
containing the required information about screen size and to append this string to the existing text in the 
innerHTML attribute, which allows the data to be seen by users.   
One last function remains to be explained:  setFactorsMethod2 (), on lines 135 – 14, contains an alternative 
mode of setting the factors to reflect device characteristics: 
        function setFactorsMethod2() {  
        switch(GetBrowser()) 
        { 
            case('Android')  : fontSize = '24pt';  
                                sizeFactor = 1.00; break 
            case('iPhone')   : fontSize = '22pt';  
                                sizeFactor = 0.92; break 
            case('Kindle')   : fontSize = '20pt';  
                                sizeFactor = 0.85; break 
            case('iPad')     : fontSize = '16pt';  
                                sizeFactor = 0.75; break 
            default          : fontSize = '12pt';  
                                sizeFactor = 0.50; break 
        } 
    } 
 
This function sets the sizing factors depending on a text string returned by the getBrowser (), which parses 
the browser user-agent string for detection of device type (line 57 – 65):  
   function GetBrowser() 
   { 
      if (NavCheck('iPhone') || NavCheck('iPod')) return 'iPhone' 
      else if (NavCheck('iPad'))                  return 'iPad' 
      else if (NavCheck('Android'))               return 'Android' 
   } 
 
   function NavCheck(check) 
   { 
                                                                                                                                                                                                     
style.width/style.height is set using an integer + px. e.g. object.style.width=480px [140]. The effect of the two methods on the 
dimensions of the image is the same, there are just two ways around it. 
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      return var useragent = navigator.userAgent; 
     return useragent.indexOf(check) != -1; 
   } 
 
The function returns the name of the device as a text string, or an empty string if the device is not one of the 
named types. The user agent is a character string found in the navigator object which identifies a browser, 
whether an Internet Explorer, Mozilla, Chrome, Safari, and when in a mobile device, whether it is an 
Android, iPad, iPhone etc.  The user agent text string for an iPhone 4 may look like so:  
 
    Mozilla/5.0 (iPhone; U; CPU iPhone OS 4_3_2 like Mac OS X; en-us) AppleWebKit. . . .  
The navCheck () function searches for a text string like ‘iPhone’, ‘iPad’, ‘Android* etc. in the user agent text 
string, returning the string itself if found, otherwise returning  a ‘-1’ to indicate ‘not found’.    
To summarize the example just presented in Listing 1, a HTML document is sent as a HTTP message to the 
client browser, where the message is interpreted by the browser, which then instantiates the DOM object. 
Immediately thereafter, the Javascript element of the HTML document is executed and while executing 
selects multiple elements from the DOM structure whose attributes are modified in certain ways after which 
the HTML document is rendered to the monitor as a web page. The Javascript code checks the device type or 
dimensions during execution so that the modification of HTML elements follows the dimensions associated 
with that particular device type.  The user functions created for this purpose perform abstracted functions 
which could be applied to almost all elements found in the DOM object.  The principles illustrated by the 
current example can therefore be used to guide the development of a HTML document that is compatible 
with multiple device types.    
This approach to responsive web design has weaknesses as well as strengths. One significant weakness of 
this approach is that manufacturers of mobile devices are continually introducing new device types and 
device models, with varying operating systems, screen dimensions and Javascript implementations.  Whether 
one were to choose the method of device identification where a device type is detected on the basis of the 
browser’s User Agent or whether the dimensions are detected by accessing the navigator object with 
Javascript, an effective use of both approaches depend on access to and maintenance of a lengthy list of well-
known device types, and their physical and virtual dimensions. To get a sense of the magnitude of such a list 
see Table 24 which is a copy of a list referenced by Mozilla Developer [99] on their developer’s website, but 
published by http://i-skools.uk.co.The list contains at the moment 107 devices types of the iOS, Android and 
Windows Phone operating systems [98]. The relevant issue is therefore, whether a solution dependent on a 
constantly changing list of device types would be a feasible design for the application. An added weak point 
of this approach, albeit of a more principle nature, is that using Javascript to modify presentation is 
considered a breach of the principle of separation of content and presentation, according to which HTML 
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should only be used for structure and content, while CSS should be used for presentation and Javascript for 
behavior (the event model) [86, p. 6].  For screenshot of Listing 1 on the iPhone see Figure 76 and Figure 77 
and on the iPad see Figure 78 and Figure 79. 
5.2.5 Cascading Style Sheets  
W3C provides the following definition of CSS: “Cascading Style Sheets (CSS) is a simple mechanism for 
adding style (e.g., fonts, colors, spacing) to Web documents” [100].   CCS is a collection of standards for the 
styling of HTML documents that are implemented in internet browser programs, such as Internet Explorer, 
Mozilla, Chrome, Safari and Opera.  Looking at Figure 80 it is clear that the distribution of browser usage 
between the main actors is in constant flux, where the trend for the latest 12 months is that Chrome is 
increasing its share at the expense of all other browsers.  Despite the dominance of the market by one or the 
other browser type, browser usage remains diverse and it is therefore essential that W3C standards are 
implemented uniformly on all platforms to ensure that HTML documents display uniformly in a browser-
independent fashion.     
CSS standards have evolved over time to the present standards, and the current CCS2.1 did not reach the 
recommendation stage until November 2011.  According to the so-called “Beijing doctrine” [101] the 
components of CSS have been subdivided by the consortium into modules, with the aim that each module be 
developed independently of the others in terms of levels and in terms of progressing from working drafts to 
recommendations.  This process is called CSS modularization. Recommendations are the final standard at 
any level. Figure 81 is a graphic illustration of how the CSS standards have been divided into separate 
modules [102].  The time line descends vertically and it can be seen how CSS 1 and CCS2 have been split 
into smaller pieces, called for example Selector 3, Selector 4, Border 3, Image 3, Image 4 and so on.  The 
implication of this is that CSS standards will evolve progressively and independently with some areas 
moving faster than others, and there will no longer be major updates of the whole standard at one time.    
 
5.2.6 CSS and the HTML DOM model 
As discussed previously, the HTML DOM object contains the HTML elements of the document, each of 
which have a style object containing multiple attributes, for example color, fonts, sizes, backgrounds. Just as 
it is possible to modify the styling of HTML elements using Javascript, it is equally possible to achieve the 
same effect using CSS. An important difference between these two technologies is that where Javascript is 
event-driven and may be used to manipulate elements at any time during the lifetime of a DOM object, CSS 
is generally applied immediately subsequent to the creation of the HTML document, although the future may 
bring an increasing number of dynamic effects, such as animation, which cross the boundary between 
presentation and behavior. 
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Basically CSS is applied using style rules which follow this syntax:  
        selector { 
            property:value; 
            property:value; 
            . . .  
            property:value; 
        }    
The purpose of the selector is to define the HTML elements in the DOM to which the rule will apply.  The 
rule consists of a list of properties belonging to the selected element and the values that the listed properties 
must have [103].  The style rules may be placed “in-line” in the HTML element itself like this: 
      <h1 style="color:red">Headline</h1> 
 
or “embedded” in the <head> section of the HTML markup or placed in a separate text file, connected to the 
HTML file by a link statement in the <head> part of the HTML, for example: 
      <link rel="stylesheet" href="styles.css" type="text/css" /> 
 
An additional way of using external files is the @import statement:  
      <style type="text/css" media="screen"> 
            @import url("styles.css"); 
            .. 
      </style> 
 
Selectors may be a tag name, an element id, or a class name, thus when using selectors, any particular style 
rule would apply to all elements referred to by tag name, or id or belonging to a specific class.  The name 
Cascading Style Sheets includes as one of its constituents the term Cascading, which describes the situation 
that when multiple style sheets are applied to a HTML document, the rules of each style sheet are applied in 
a certain sequence. Where multiple style rules are applied to individual HTML elements, it is the latest 
applied rule that has the highest priority.  Styling applied to individual elements originating from several 
sources of rules, will be applied in order, prioritized by importance: normal or important and origin: author, 
user, user agent, as follows [104]:  
1. User-agent declarations. 
2. user-normal declarations. 
3. author-normal declarations. 
4. author-important declarations.  
5. user -important declarations. 
 User-agent rules have the least priority, while user-important rules have the highest priority.  
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Inheritance is a concept that differs from cascading. A child element inherits the style rules applied to its 
parent, thus a <p> element inherits the style rules of its <div> parent, unless there is a specific style that 
applies to the <p> element [105].   For example given the following CSS rules: 
body { font-size: 10pt } 
h1 { font-size: 130% } 
 
The computed value of the font-size property of the <h1> element would therefore be 130% x 10pt = 13pt 
[106]. 
5.2.7 Responsiveness via CSS Media queries 
Media types have been defined since HTML4, but have lately been extended with media features to create 
media queries as defined by W3C’s Recommendation of 19 June 2012 [107].  Media types are used for 
example in statements in the <head> part of the HTML markup: 
 
<link rel="stylesheet" type="text/css" media="screen" href="sans-serif.css"> 
<link rel="stylesheet" type="text/css" media="print" href="serif.css"> 
 
These lines of code will load different CSS-style sheets depending on whether the device is of a screen type 
or a printer type. The ability to load different style sheets depending on device type provides the option of 
providing different formats for different devices. Media types may also appear as part of the CSS code: 
 
  @media screen { 
    * {font-family: sans-serif} 
  } 
The above lines of code will provide screen text formatted as sans-serif.  
 
The new W3C recommendation (which is part of the HTML5 definition) extends the use of media types to 
include conditional terms in the form of media features. There is a total of 13 media feature terms, the 
important of which are width, height, device-width, device-height, orientation, color, resolution. A media 
query combines the media type with media features, the particular combination of these two items will 
indicate to the browser which style sheet needs to be imported, or if the media query is embedded in the style 
sheet, which section of the style sheet needs to be applied to the HTML markup. A media query will only be 
operative if all conditions are present: that is, when the specified media type and media feature are present.   
 
Mozilla Developer provides this sample code and explanation [108]: 
 
<!-- CSS media query on a link element --> 
<link rel="stylesheet" media="(max-width: 800px)" href="example.css" /> 
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<!-- CSS media query within a style sheet --> 
<style> 
@media (max-width: 600px) { 
  .facet_sidebar { 
    display: none; 
  } 
} 
</style> 
 
The @media () statement accepts any one or all of the 13 media features as arguments. Table 27 provides a 
list of all features together with an explanation of each feature’s syntax and functionality.  An example: max-
width:600px, as an argument means that when width < 600px returns true, the browser will apply the rules 
contained within the brackets in accordance with the usual cascading principles.  (Media queries never use 
the symbols < > as these symbols are used to write HTML tags, and are therefore reserved for that purpose).  
Media query syntax can be very complex, for the purpose of this project, the syntax is as follows: 
 
@media [media-type] (media-feature[1]) and . . (media-feature[n]){ 
   CSS-rules; 
   . . .  
} 
 
The above examples shows that arguments are passed in rounded parentheses and are connected by the and 
operator, such that any combination of the known media feature can be concatenated and the CSS rules in the 
brackets will be carried out if all arguments return true. 
The sizing of HTML elements, and in particular font sizing, is an important feature of responsive design, as 
the central idea is to make web pages able to resize themselves dynamically in response to variable device 
type dimensions. This can be explained as follows. The default font size for normal text in a HTML 
document is 16 pixels [109], which would be the font size unless overridden by specific styling.  There are 
basically two ways of sizing fonts: 
1. Absolute sizing, where font size is specified as absolute numbers: font-size: 20px. 
2. Relative sizing, 
a. Relative to the default font size in ems, where 1em is the same as 1 x default. If default is 
16px, then 0.75em will equal 12px.  
b. Relative to the surrounding elements in percentage. If the body element’s default were 16px, 
and the child elements’ font size is 75 %, then the child element’s font size would be 12px. 
If an element were a child element of the above child element, and its font size were 80 %, 
then it effective font size would be 0.8 x 0.75 x 16px = 10px.   
c. Relative to base font size using words: xx-small | x-small | small | medium | large | x-large | 
xx-large, where medium is equal to default font size (normally 16px). The named sizes scale 
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on a scale from xx-small = 1, to medium = 3 to xx-large = 6 [110]. 
 
W3 Schools recommends a combination of percentages and ems, where the font size of the body element is 
defined as a percentage of the default font size, typically 100 %, and all other font sizes are defined relative 
to body font size in ems [109]:  
        body {font-size:100%;} 
        h1 {font-size:2.5em;} 
        h2 {font-size:1.875em;} 
        p {font-size:0.875em;} 
 
Defining font sizes in the above way gives a developer complete control of sizing and ensures that sizing will 
always be responsive to device types and to users’ preferred font sizes, if that be different than usual.  
 
Sizing of block elements can also be absolute or relative. Absolute sizing is where the element is given a 
width and or height element measure in pixels, for example width: 960px. An element could also be given a 
relative size in percentages, which is relative to the dimensions of the parent element, so if a child element 
has a width property: 80 % and its parent had an absolute size of 960px, the effective width of the child 
element would be 960px x 80 % = 768px.  The ability to create relative element sizes will be relevant to a 
later section discussing ways of creating flexible layouts [72, p. 30].  
5.2.7 Media Query Example 
Listing 2  http://in-nit.dk/project/listing2.htm, Figure 82, is an example of how media queries can be used to 
format HTML document responsively in accordance with conditional CSS rules.  In this example the 
Javascript portion of the program code has been reduced to consist of no more than those custom functions 
which display information regarding screen and image dimension. The HTML markup will now be formatted 
by CSS rules rather than Javascript functions. To accomplish that purpose there is an embedded style section 
has been added to the top of the HTML markup in Listing 2.  Similar to Listing 1, Listing 2 starts by 
configuring the viewport with a <meta> tag on line 6: 
 
  <meta name="viewport" content="width=device-width; initial-scale=1.0;"> 
 
The above tag differs from the corresponding tag in Listing 1, as the content parameter in Listing 2 sets the 
width of the browser to whatever size the physical screen has, and sets the initial-scale to 1.0 which is the 
same as a zoom ratio of 100 % [99]. These settings are a necessary requirement for using media queries to 
load CSS rules which execute conditionally dependent on the specific display dimensions of random device 
types [72, p. 81].  The CSS rules of Listing 2 are found on lines 10 – 86 and are separated into five sections 
in the following order of priority: 
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1. Default settings for all devices. 
2. Settings for Smartphones in portrait mode (device width < 321 pixels) 
3. Settings for Smartphones in landscape mode (device width < 481 pixels) 
4. Settings for Tablets in portrait mode (481 < device width < 769 pixels) 
5. Setting for Tables and Desktops (device width > 768 pixels) 
 
The application of the conditional CSS rules depend on the outcome of media queries, as the browser will 
test each media query in ascending order until the query returns true, after which the CSS rules will be 
applied to the HTML markup completing the formatting of the HTML document. The order of the sections 
means that the browser starts by applying the default rules, after which the rules of the section which 
corresponds to the device media type and features will be applied, overriding default rules where applicable 
(the cascading rule).   The first section is the default section, on lines 10 – 27: 
        /* Default setting for all device types ----------- */ 
            body { 
                background-image:url(images/background.gif); 
                background-repeat:repeat; 
            } 
            #content { 
                background-color: #F6F4F0; 
                margin-right: auto; 
                margin-left: auto; 
                padding:10px 20px 20px 10px; 
            } 
            #img_earth{ 
                margin:0px 20px 20px 0px; 
            } 
            img12 { 
                width: 240px;  
                height: 240px; 
            } 
 
The content and formatting of Listing 2 (http://in-nit.dk/project/listing2.htm ) is the same as that of Listing1, 
with some minor extensions, which will be explained in the following. The first lines apply a repeating 
background image to the body element and a color and auto-margins to the id= ‘content element’, which 
Listing 1 did not have. Margins are added to the earth image, and all image elements are given the 
dimensions of 240 x 240 pixels. The auto-margin rules have the effect of placing an element in the center, if 
the element’s parent element is wider than the element itself.  The next section is the smartphone portrait 
mode section on lines 28 – 45: 
        /* Settings for smartphones portrait ----------- */     
        @media screen and (max-width: 320px) and (orientation: portrait){ 
            body { 
                background-image:none; 
                background-color: #F6F4F0; 
                                                            
12 This styling applies to all elements created using the tag <img>. 
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            } 
            #content { 
                padding:1px 2px 2px 1px; 
                font-size:0.8em;     /* 12,8px */ 
            } 
            #img_earth{ 
                margin:0px 10px 10px 0px; 
            } 
            img { 
                width:  120px;  
                height: 120px; 
            } 
        } 
 
This section begins with a media query, which specifies a media type of screen (this applied to all five 
sections ) and two media features: 1) a maximum device width of 320 pixels, and 2) the physical orientation, 
portrait (width < height). If the device type fulfills the above conditions, the CSS rules contained within the 
surrounding curly brackets will be applied, and the browser will have completed its formatting of the HTML 
document.  As there is little screen space on a smartphone, the body element is to be invisible, and is 
therefore given the same background color as the content element. The content element is given narrower 
padding, and the font-size is set to 0.8em, which is 80% of the default value of 16 pixels. All img-elements 
are reduced to 120 x 120 pixels to create a more visually appealing distribution between the space occupied 
by the content element and the earth image. See Figure 83 for a screen shot of Listing 2 on an iPhone in 
portrait mode.  
The third section starts on line 46: 
 
        /* Settings for smart phones landscape ----------- */    
        @media screen and (max-width: 480px) and (orientation: landscape){ 
            body { 
                background-image:none; 
                background-color: #F6F4F0; 
            } 
            #content { 
                padding:1px 2px 2px 1px; 
                font-size:0.5em;     /* 8px */ 
            } 
            #img_earth{ 
                margin:0px 10px 10px 0px; 
            } 
            img { 
                width:  160px;  
                height: 160px; 
            } 
        } 
 
The section begins like the previous with a media query containing a screen type and two media features like 
so: 1) a maximum device width of 480 pixels and 2) a landscape orientation. These conditions will apply to 
smartphones in landscape mode, between 381 and 480 pixels. The margins and padding are the same as for 
59 
 
the portrait mode, but to make a more visually appealing display, the image dimension have been increased 
somewhat to 160 x 160 pixels, and the font-size decreased to 50 % of the default size of 16 pt. As the device 
width in landscape mode is greater than in portrait mode, the image and font sizes cannot be the same 
without appearing distorted, for which reason dimensions must be adjusted.  See Figure 84 for a screen shot 
of Listing 2 in landscape mode.  
The fourth, which applies to Tablet devices in portrait mode, starts on line 64: 
 
        /* Settings for tablets portrait ----------- */ 
        @media screen and (min-width: 481px) and (max-width: 768px) and         
(orientation: portrait){ 
            #content { 
                padding:5px 10px 10px 5px; 
                font-size:1em;     /* 16px */ 
                min-height: 928px; 
            } 
            img { 
                width:  220px;  
                height: 220px; 
            } 
        } 
    
The devices that are affected by these lines of code are devices of the screen device type that have two 
specific media features: 1) a device width between 480 and 769 pixels and 2) the portrait orientation. 
Compared to the default setting, only a few styling changes will be made, as a tablet has dimensions that are 
closer to a desktop than a smartphone has. Firstly, the default setting for background url and color will not be 
changed, as a visible border is desired. The padding property of the id=”content” element will be enlarged to 
5 and 10px,   font-size is 1em = 16px, and the image element dimensions are changed to 220 x 220 pixels. A 
screen shot of Listing 2 on iPad in portrait mode can be seen in Figure 85, and Figure 86 shows an iPad in 
landscape mode. 
 
The fifth and final section on lines 76 – 84 affect all other devices than the above, which would be tablets 
with a device width of more than 768 pixels and desktops: 
 
        /* Settings for tablets landscape and desktops ----------- */ 
        @media screen and (min-width: 769px) { 
            #content { 
                font-size:1em;     /* 16px */ 
                width: 80%; 
                max-width: 960px; 
                min-height: 670px; 
            } 
        } 
  
In this last case the default values are generally acceptable, however a few changes will be made in the 
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id=’content’ element, where, firstly the font size is set to 1em or 16px. Secondly, the width of the content 
element is set to 80 % of the width of the body element, limited to 960px in width and 670px in height. This 
is a choice which is justified by the wish to avoid unreasonably wide elements in the context of very large 
monitors. This is of course just one possible design decision, which limits the amount of effort needed to 
complete the design.  
 
Discussion.  Listing 2 illustrates a web design approach using media queries that responds flexibly to the 
varying dimensions of multiple device types. The browser abstracts the technical details of examining actual 
screen dimensions making the process transparent to the web designer. Media queries can be used to divide 
style sheets into blocks of code that are processed conditionally, and style sheets can be designed in such a 
way as to be capable of formatting HTML documents without requiring direct knowledge of the device type. 
In contrast to this approach, the Javascript approach, as previously described, examines either screen 
dimensions or user agent strings for specific makes and models, and then modifies the HTML elements 
through direct access to the DOM object API. This approach is more complex, less reliable and violates the 
separation of content and presentation.            
5.2.9 Flexible Grid-based Layout and Flexible Images. 
The flexible grid-based layout is the next component of Responsive Web Design that will be described. 
HTML tables have been the method of choice for creating a grid-based layout since the inception of HTML 
but many designers feel the need to mix presentation and content using spacer-gifs and border-gifs to create 
width, height and borders [111, p. 207].  This kind of formatting is inflexible, and requires embedding style 
elements in the HTML table elements. A more flexible grid-based layout can be based on the use of <div> 
block elements proportionally sized in relation to their ancestor elements. The principle of proportional 
sizing should be extended to the sizing of fonts and images.  The initial step in implementing this technique 
is to a secure complete control of the properties of the HTML elements of the document by resetting most of 
the styling in one time. This is done by including a so-called browser reset CSS in the <head> section. While 
not a necessary requirement, following this suggestion will make the subsequent design and coding of the 
pages more trouble free than otherwise. The background for this is that the W3 Consortium recommends that 
implementors13 include a default style sheet in their browser implementation, which they have helpfully 
published for all to use [112]. Unfortunately, implementors have not implemented this style sheet in a 
perfectly consistent fashion from browser to browser. These inconsistencies are one of reasons why web 
pages function and display slightly differently from one browser to another. To remedy the effects of such 
inconsistencies, web designers resort to adding browser-specific fixes to style sheets, which require scarce 
time to develop and maintain. To avoid this problem a browser reset style sheet can be implemented in a 
                                                            
13 A special term meaning organizations that design, produce and provide internet browser programs to the general public, 
normally free of charge,  
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HTML document that resets most of the HTML document’s style properties, allowing the web page’s own 
style sheet to subsequently configure the web page in a consistent and predictable fashion. The web page’s 
cross-browser consistency [86, p. 83] will be increased substantially securing the designer better control over 
the web page’s styling.  Multiple versions of the reset-style sheet can be downloaded from the internet from 
various sources such as Yahoo, individual authors and bloggers. The style sheet used in this project is 
provided by http://html5doctor.com  [113] (Listing 4). The style sheet’s more important settings with regard 
to flexibility are found in the first lines of code (8 -27), where inter alia all block elements are reset:  
      margin:0; 
      padding:0; 
      border:0; 
      outline:0; 
      font-size:100%; 
      vertical-align:baseline; 
      background:transparent; 
   
This reset causes margins, padding, borders or outlines of elements such as headlines, paragraphs, div 
elements, and many more types of elements, to be resized to 0 pixels, and causes their default font-sizes to be 
equal to the default font size of the page.  The W3C Box Model governs the relationship between the content 
on the one hand and the margins, borders and padding on the other, see Figure 87. When margins, borders 
and padding have various default sizes, the aggregate size of an element will differ from the size of the 
content area. Padding is found inside the border, while the margin is outside the border. Elements adjacent to 
one another are separated by their own margins on the outside of borders, while elements inside of each other 
are separated by the padding of the outer element and the margin of the inner element, and all elements are 
separated by the borders. When calculating the total side of a row of elements inclusion of the dimensions of 
the individual padding, borders and margins components is required to be completely accurate [114]. On the 
other hand, an approach where margins, borders and padding are resized to 0 pixels at a global level provides 
a practical underpinning for the creation of a flexible, grid-based layout, in that the dimensions of block 
elements adjacent to one another or inside one another can now be calculated on the basis of content size 
alone.  
 
The grid-layout exemplified by Listing 3 is an extension of the earlier examples in Listing 1 and Listing 2.  
The basic set up can be seen in Figure 88, which is a simple wireframe model of the HTML document, 
showing a traditional two column layout with header and footer. A screen shot of Listing 3 on a desktop 
display is found in Figure 89. The live version is available at http://in-nit.dk/project/listing3.htm. The <head> 
section in Listing 3 is slightly modified in comparison to Listing 2: The style section has been removed, and 
replaced by meta-tags pointing to the two style sheets required by the HTML document:  
 
      <link rel="stylesheet" href="css/myreset.css" type="text/css" /> 
      <link rel="stylesheet" href="css/base-style.css" type="text/css" /> 
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In addition the Javascript which was located at the end Listing 2 has been relocated to a separate file: 
function.library.js, (Listing 6), which is referenced by listing3.htm with the following line: 
 
<script type="text/javascript" src="js/function.library.js"></script> 
 
The functionality of  js/function.library.js  is unchanged from Listing2.htm, so the functionanlity 
will need no further explanation.  
 
5.2.10 Responsiveness to media types 
Similar to Listing 2, Listing 3, has a <meta> tag in the <head> section, line 6: 
 
    <meta name="viewport" content="width=device-width; initial-scale=1.0;"> 
 
This line of code enables the use of media queries located in style sheet base-style.css, which execute CSS 
rules conditionally, depending on screen widths (see prior discussion of conditional CSS).  The CSS rules of 
base-styles.css are divided into four sections: 
 
1. Default setting for all devices. 
2. Settings for Smartphones in portrait mode (device width < 321 pixels) 
3. Settings for Smartphones in landscape mode (device width < 481 pixels) 
4. Settings for Tablets in portrait mode (481 < device width < 769 pixels) 
 
When Listing 3 is processed by the browser, myreset.css (Listing 4) will be processed first resetting all the 
CSS properties of the HTML document, after which the desired formatting will be applied by base-style.css 
(Listing 5). The first section of CSS rules to be executed contains the default rules for all device types. 
The basic block element of the document is <div=’page’> which is the only descendant element of <body>, 
and the style sheet base-style.css will apply the following style rules to those elements (lines 1 – 5): 
      body               { background-image: url("../images/background.gif"); 
                background-repeat: repeat;} 
   #page              { width: 80%; max-width: 960px; min-height: 643px; 
                background-color: #F6F4F0; margin-right: auto; 
                margin-left: auto; font-family: Verdana, Helvetica, sans-serif;} 
 
These rules set a default repeating background image for all devices, a default page size of 80 % of the 
device screen width, and a maximum width of 960 pixels for all device types. The auto margin properties 
center the page element in the body, and the default page background color and font family are set. The 
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“#page” element will serve as a containing element for the page layout. The high level, outline view of the 
Listing 3 HTML markup is as follows, starting on line 13: 
    <div id='page'> 
        <div id='header' class='row'> 
        </div> 
        <div id='contentwrapper' class='row'> 
           <div id='left-content' class='float-left'> 
            . . . .      
           </div>  <!--  end of left content --> 
           <div id='right-content' class='float-left'> 
            . . . . 
           </div>  <!--  end of right content --> 
        </div> <!--  end of content-wrapper --> 
        <div id='footer' class='row'> 
            <h3>THIS IS A FOOTER</h3> 
        </div> <!--  end of footer --> 
    </div> <!--  end of page --> 
 
The HTML structure follows the wireframe model shown in Figure 88, and will look like Figure 89 on a 
Desktop. The effect of the width: 80 % setting will ensure that the width of the outer container (#page) of the 
layout is always 80 % of whatever width is found on the display device. All descendent elements of “#page” 
inherit their widths as a proportion of their ancestor elements, which facilitates the fluidity of the layout. The 
three style classes row and float-left and float-right found in base-styles.css are essential for implementing 
the grid layout.  The row class definition is found on lines 47 – 50 of base-style.css. 
 
   .row               { width: 100%; *zoom: 1; } 
   .row:before, 
   .row:after     { display: table; content: ""; line-height: 0; } 
   .row:after     { clear: both; }14 
     
In the Listing 3 example the row class is used to create a table-row effect; the “row” inherits the width of its 
ancestor (width: 100 %), displays like a table, has a flexible line height, and finally “clears” float elements so 
that div elements do not overlap each other. In Listing 3, the named elements: “#header”, “#content-
wrapper” and “#footer” are created as row elements, and will function as containers for descendant elements. 
The header contains a graphical image that conforms to the width and height of “#header” as defined by the 
“#header” CSS rule, and will adapt itself to any dimensions to which “#header” itself adapts. The “#left-
content” element is a descendant of “#content-wrapper”, and its CSS rules specify a width of 25 % of its 
containing element, and a fixed height of 493 pixels, which therefore shares the total height of the page 
element between the header and the footer. The “#right-content” element has a rule which specifies a width 
                                                            
14  These lines of code were borrowed from the style sheet bootstrap.css, which is part of the open source project 
Bootstrap [136]. The Bootstrap project is a resource for implementing Responsive Web Design using web page 
templates, and is based on a flexible grid layout technique, of which the above lines are a part. 
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of 75 % of its containing element. The sum of both elements equals 100 % of the “#content-wrapper” 
element’s width, which itself equals 100 % of the “#page” element’s width.  
Finally, the “#left-content” element belongs to the class float-left and the “#right-content” element belongs to 
the class float-right both of which are to be found in base-style.css on lines 82 - 83:   
 
          .float-right       { float:right;} 
          .float-left         { float:left;} 
   
Elements of these classes are either floated to the right or the left of other elements, which enables the left 
and right content areas to line up horizontally. However, unless floats are cleared after styling, subsequent 
div elements will not stay within the grid, which is why the row class contains this code on line 50: 
 
          .row:after           { clear: both; } 
 
The line clears the float effect for div elements following the “row” element, ensuring the maintenance of the 
grid-appearance.  
As previously discussed, margins, borders and padding have been assigned a default width of 0 pixels, which 
enables the creation of a grid layout as the width dimensions of contained (inner) elements are a proportion 
of the containing elements’ content width. Padding, margins and borders remain, nevertheless, a necessary 
part of layout design, and this approach uses therefore <div> elements within <div> elements to create a 
padding/margin effect. The first “article” of the right content element has the following markup (line 34 – 
55): 
          <div class='row'> 
             <div class="story one-em-padded "> 
                <div class='storyfigure float-left'> 
                   <div class="zombie half-em-padded"> 
                      <img src='images/saturn.jpg' alt='Staturn'/> 
                   </div> 
                </div> 
                <h3>Saturn</h3> 
                <p> 
                 .......... text here 
                </p> 
            </div> <!--  end of story --> 
         </div> <!--  end of row --> 
 
The first line creates a <div> element of the row class, which encloses a <div> element of the story and one-
em-padded classes. The one-em-padded class changes the padding property of the <div> element to a 
thickness of 1em. One em is the default font-size of the body, and is therefore variable. The story class 
changes the font-size of the element to 0.8em, and gives the <p> element some padding. Thus margins, 
borders and padding are applied to content elements without disturbing the grid elements.  Within the above 
“story” element a graphical image of the planet Saturn is located, which is processed as follows:  Firstly, a 
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<div> element is created for the purpose of containing the image element, by assignment to the classes: 
storyfigure and float-left (line 36 – 40). The storyfigure class assigns the <div> element a width of 25 % of 
its ancestor element, leaving 75 % for the rest of the story. The float-left class floats the <img> element to 
the left. This element has itself a descendant <div> element, which is assigned to two classes: zombie and 
half-em-padded.   The zombie class has only one line found on line 26: 
      
         .zombie img {height: auto; width: 100%; } 
 
This code forces an image enclosed within to conform to the same width as its ancestor and, equally 
importantly, to preserve the original ratio between the width and the height of the image, thus making it 
possible to display images of varying sizes in a uniform way when enclosed by elements of equal width15. 
The half-em-padded class has the expected function of providing the image with a 0.5 padding, to give it 
some space in the context.  The purpose of the above “story grid” code is to enable the creation of multiple 
identically formatted “story” elements.  
The menu contained by the “#left-content” element on line 18 – 30 consists of an unordered list: 
 
             <div class='leftmenu half-em-padded' > 
               <h4>FURTHER STEPS</h4> 
                  <ul class='leftmenu' > 
                    <li><a href=”” 
                    <li><a href=”” 
                  . . . . .  
                  </ul> 
             </div> <!--  end of left menu --> 
 
The list is assigned to the leftmenu class, lines 22 – 25, which when applied, formats the list items such that 
they now resemble square buttons (see Figure 89): 
       .leftmenu  ul li { text-align: center; background-color: #DDBCA6; border: 
               1px solid #FF6600; 
               display: block; font-weight: normal; margin-bottom: 0; 
               margin-top: 3px; padding: 6px 3px 6px 8px; text-align: left;} 
 
The inner class half-em-padding assigns inner padding to the menu, which puts space between the “#left-
content” container and the menu items.  
The “content-wrapper” element is followed by the “#footer” element, which is assigned to the “row” class as 
was the “#header” element. “#footer”. The CSS rules for “#footer” are found on lines 39 – 40: 
 
    #footer        { width:100%;border-top:1px solid #CCCCCC; text-align:center;} 
    #footer p      { padding:10px; margin:0;} 
 
                                                            
15 The concept of a “zombie” class is further discussed in a forum article published on http://stackoverflow.com  [137] 
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The “#footer” element’s width will always be equal to its ancestor element; it has a solid upper border, its 
text is left centered and any <p> items will have 10 pixels padding on all sides. This setting leads the HTML 
document to be formatted as shown in Figure 89 
 
The previous section described the default setting for all device types; the next section describes the 
smartphone portrait mode. Figure 90 and Figure 91shows how listing3.htm can be seen on an iPhone 4 (320 
x 480 pixels).   Most of the default CSS settings adapt themselves well to the small screen dimensions of this 
device type because of the flexibility of the grid layout, variable font sizes and scaling images, however 
some adjustments are necessary to ensure that the HTML document is displayed in the best possible way. 
The adjustments are located in the following section base-style.css on lines 90 – 102: 
 
   /* Settings for smart phones portrait ----------- */     
  @media screen and (max-width: 320px) and (orientation: portrait){ 
     body { background-image:none; background-color: #F6F4F0;} 
     #page                { width:  100%; min-height: 928px;} 
     #header             { height: 55px;} 
     #left-content  { width:  30%; height: 790px; font-size: 0.80em;} 
     .leftmenu h4     { font-size:0.8em;} 
     .leftmenu  ul li  { padding: 3px 2px 3px 4px;} 
     #right-content{ width:70%; } 
     .story p            { padding: 0px 0px 5px 0px; font-size:0.6em;} 
     .storyfigure    { width: 40%; } 
  } 
 
To conserve scarce screen space, the width of the #page element has been set to 100 % of the body element 
and the height of the #header element is reduced to 55 pixels. An important change is to increase the relative 
width of the #left-content element, which contains the left menu, to 30 % and the right-content element to 70 
% of their container, which improves the appearance of the left menu. Font-size are reduced slightly, and the 
width of the div element which governs the size of the graphical images is increased to 40 %, as the images 
are virtually invisible at their original relative width of 25 % of their ancestor elements. The padding of the 
left menu and the story <p> elements are halved in comparison to the default values.  
The next section of CSS rules govern the formatting of smartphones with screens widths between 320 and 
768 pixels, held in landscape mode, see Figure 91 for a screen shot of listing3.htm on an iPhone in landscape 
mode. The relevant code is found between lines 104 and 114 of base-styles.css: 
 
/* Settings for smart phones landscape ----------- */    
@media screen and (max-width: 480px) and (orientation: landscape){ 
      body               { background-image:none; background-color: #F6F4F0; } 
      #page             { width: 100%; max-width: 960px; min-height:928px; } 
      #header          { height: 45px;} 
      #left-content { width:25%; height:790px; font-size:0.75em; } 
      .leftmenu h4  {font-size:0.9em;} 
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      .leftmenu  ul li { padding: 3px 2px 3px 4px;} 
      .story p         { padding: 0px 0px 10px 0px; font-size:0.45em; line-
height:1em;} 
      .storyfigure { width: 33%; } 
} 
  
As in portrait mode, the width of the “#page” element has been increased to 100 % of the body element, and 
the “#header” element reduced to 45pixels compared to 55 pixels. The header should probably be reduced 
even more, as it occupies an inordinate amount of screen space for no real purpose.  The “#left-content” 
container stays at 25% of the width of the ancestor element, but the font-size is reduced to 0.75em instead of 
0.8em. The left menu headline is reduced to 0.9em, and the width of the div element which governs the size 
of the graphical images is increased to 33 %, as the images are virtually invisible at their original relative 
width of 25 % of their ancestor elements. The padding of the left menu and the story <p> elements are 
halved in comparison to the default values.  The appearance on the web page in this context displays 
reasonably, however much of the screen space is occupied by the header and tool bar, for which reason the 
height of the header should be further reduced. 
   
The last section of the style sheet base-style.css from lines 116 to 118 is relevant for devices with a screen 
width between 480 and 768 pixels in portrait mode, which is usually a tablet device type, for example an 
iPad: 
 
    /* Settings for tablets portrait ----------- */ 
       @media screen and (min-width: 481px) and (max-width: 768px) and 
(orientation: portrait){ 
          #page       { width: 96%; max-width: 960px; min-height:928px; } 
       } 
 
The only setting affected by this conditional CSS is the width of the “#page” element, which is changed from 
80% to 96%, in order to contribute pixels from the empty side margins to the page width, providing the web 
page with more screen space.  The layout, fonts and images are in reality so flexible that only one conscious 
change needs to be made to allow the web page to be successfully displayed on a tablet device in portrait 
mode. When displaying the layout in landscape mode, no changes are needed as the web page, using the 
default desktop setting, displays well. Figure 92 shows Listing 3 on an iPad in portrait mode, while Figure 93 
shows an iPad in landscape mode.  
 
5.2.11 Discussion.   
Listing 3 extends the flexible approach hinted at in Listing 2 by implementing a flexible grid-based layout, 
supplemented by flexible fonts and images.  The responsive web design approach is two pronged:  
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1. On the one hand the CSS rules enable the creating of a grid-like layout using the “row” class, as the 
web page’s layout can be divided into “cells” laid out in “rows”, which don’t interfere with each 
other. A reset technique changes all default values in the browser to the same values irrespective of 
which browser (IE, Chrome, Firefox, Safari, Opera ) is accessing the web page. Using variable 
widths and heights, the grid will “respond” to the varying heights and widths of the content elements 
and the device screen without human intervention, as widths are calculated in proportion to the width 
of ancestors. Fonts are measured in terms of ems, which relate to the default size of fonts in the 
document. Images are flexible as they are always enclosed by div elements that enforce widths and 
heights in a uniform way using the zombie method.   
 
2. On the other hand web pages respond to the varying dimensions of multiple device types using 
media queries, where the browser abstracts the technical details of examining actual screen 
dimensions. Media queries enable conditional processing of blocks of CSS code and style sheets are 
now capable of formatting HTML documents without requiring direct knowledge of the device type.  
The advantage of using this approach in comparison to using Javascript to detect device types and 
format HTML markup is that media queries, flexible layouts, fonts and images respond transparently 
to varying device types and dimensions making the creation and maintenance of responsive web 
pages feasible and practicable. 
   
Having completed the usability evaluation and the technical experiments, and subsequently analyzed the 
contingent technical approaches with regard to designing web sites which are usable on desktop as well as on 
mobile computers, the Responsive Web Design approach and design patterns have been chosen to guide the 
designing and constructing of a prototype of a version of the Resultmaker A/S Applying for Social Benefits 
web form/application in a way that addresses the usability issues found.   
5.3. Designing the Prototype 
The prototype attempts to replicate a part of the functionality and appearance of the original web application, 
and since the prototype is merely a mockup; it will by design be limited in functionality with respect to a) 
persistent storage of user data, b) user security (login), and c) validation of the user’s input. These lacking 
elements are immaterial to the purpose on hand which is to investigate whether might possible to construct a 
web application optimized for use on multiple device type using the chosen approach.  The final state of the 
prototype can be viewed at http://in-nit.dk/project/listing7.htm (Listing 7). 
The usability evaluation of the Applying for Social Benefits application identified certain factors that 
decreased the web application’s degree of usability. Those factors (see analysis 5.2.11 Discussion.) will be 
used as a point of departure for developing a modified web application design. In addition to the solutions 
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provided by the Responsive Web Design approach, the design patterns discussed in previous sections provide 
a broad range of methods or approaches to solving usability issues; in this specific instance, a few, fairly 
simple patterns will be used, as the factors that underlie the usability issues of the web application are not 
very complex.  The main usability issues and their possible solutions are as follows: 
 Usability issue Design Solution  
1. Lack of screen space. 
Hide the address bar of the browser.  
Use an “anti-zoom’ function to prevent unneeded zooming. 
2. 
Pages could not be read properly 
without zooming in. Figure 61 
and Figure 63 
Automatic adjustment of fonts, spacing and page width  to make pages 
easily readable (Responsive Web Design, p. 23) 
3. 
Pages could not be read properly 
without swiping left and right. 
Figure 62 and Figure 64 
Make sure that form fields are fully visible on the screen. (Long forms. 
P.30) 
4. Buttons hard to tap accurately. 
“Generous borders” is a design pattern where tappable areas are made 
large enough to be able to be tapped easily. p. 28 
5. 
Excessive amount of information 
on individual pages.  
Create adequate space on the page so information is easily visible. 
6. 
Navigational buttons are 
hidden at the bottom of the 
pages 
“Bottom Navigation” is a pattern that places navigational button at the 
bottom of the page. p.28. 
7. Getting lost in the application 
Use “Multi-steps” to show the user where he or she is in the application. 
P.30  
  
The original web form application can be seen at http://demo60.resultmaker.com ; click the first listed link 
called “ansøgning om kontanthjælp” (apply for Social Benefits) to start the application. The application’s 
appearance as viewed on a desktop is shown in Figure 22 whereas Figure 94 and Figure 95 show how the 
application displays on an iPhone in its portrait and landscape mode respectively. The original design of the 
Social Benefits Application will display straightforwardly on a desktop monitor, but displays less so on a 
smartphone and tablet display. 
5.4 Constructing the Prototype 
5.4.1 jQuery introduced  
At this point it would be convenient to introduce jQuery. jQuery is an open source project, which offers a 
free-of-charge library of Javascript functions and while the jQuery framework is not strictly speaking a 
necessity for creating the application’s Javascript functions, there are some advantages in using it [115]. 
jQuery is a library of Javascript functions which supplement and in some cases supplant the built-in 
functions of native Javascript.  As mentioned before Javascript is a scripting standard which is implemented 
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in a browser by individual browser implementors [96], however no Javascript implementation is 100 % 
identical to all the others. jQuery functions are designed to be cross-browser compatible functions, which 
enable developers  to avoid using browser-specific fixes. The basic jQuery library has functions that are able 
to: 
1. Access and modify 
a.  HTML and the DOM object 
b. CSS properties 
2. Handle DOM events 
3. Create animations and effects 
4. Perform AJAX operations 
5. Any number of functions through third-party library extensions. 
The basic jQuery set-up consists of a link reference to the jQuery library in the <head> section of the HTML 
document like this (Listing 7) on line 8: 
    <script type="text/javascript" src="js/jquery-1.9.1.js"></script> 
 
As the reference above is a local reference, the jquery-1.9.1.js file must be stored in the js directory on 
the web server for the script engine to find it. If it is impractical to maintain a local copy of the jQuery 
library, the link reference may reference one of many jQuery libraries that are available for public use, such 
as this:  http://ajax.googleapis.com/ajax/libs/jquery/1.9.1/jquery.min.js: [115]  If  the script reference is 
properly included in HTML document  the so-called jQuery object will be available and  jQuery functions 
will be able to execute. The jQuery object should either be referenced using the term “jQuery” or using the 
symbol “$”, both terms are equally correct, but the latter shorthand version is more convenient.  jQuery 
statements are often used in two different ways. The first way is to be included as an opening statement like 
on line 29 of Listing 9: 
$(document).ready(function () { 
    /** 
     * These lines initiate the form pages, 
     * the left menu button, colors them. 
     */ 
    formpages = $('.formpage'); 
    currFormpage = formpages[0]; 
. . . . . 
 
The above $(document).ready(function () { …function is executed, a single time, subsequent to the 
instantiation and loading of the HTML DOM object. jQuery functions can otherwise be intermixed with 
ordinary Javascript and execute sequentially. The code shown above is an example of the use of selectors in 
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jQuery. The code  $('.formpage')  creates a reference to an array of DOM elements belonging to the 
“formpages” class, which is used in Listing 9. Selectors can be tag names, class names, element ids. A major 
portion of Listing 9 consists of jQuery statements; of 71 lines of actual program code (exclusive of 
comments, empty lines, function headers) 33 lines contain jQuery functions.  
The createMultiSteps () function which was mentioned in the beginning of this section starts on line 71 of 
Listing 9: 
function createMultiSteps() { 
    for (var i = 0;i < formpages.length;i++) { 
        var str  = null; 
        var title = $(formpages[i]).find('.hidden'); 
        str = "<li><span id='stepbutton" + i + "' " +  
            " onclick=\'gotoFormPage(" + i + ");\' " + ">" + 
            title.text() + "<\/span> <img alt=\'\' " + 
            "src=\'images/triangle.png\'><\/li>"; 
        $(".leftmenu").find('ul').append(str); 
    } 
} 
 The function utilizes the formpages array, which was created earlier on line 34, to process the ‘form pages’ 
of the HTML DOM object. Each iteration of these lines of code will extract the content of the hidden <div> 
element which contains the human-readable name of the form page, and insert the name into a <span> 
element which is located within a <li> element. The function’s last line of code acquires a reference to the 
<ul> element of the ‘left-menu’-element in order to append the newly created <li> element to the list of <li> 
elements, this creating  “left menu buttons” The left menu will therefore contain precisely one button pr 
“form page”.   
5.4.2 Program structure 
The code of the finished prototype appears in Listing 7 and is merely an extension of the same HTML 
markup as found in Listing 3 see Figure 89. The wire-frame diagram in Figure 98 shows how Listing 7 
contains a number of additional elements, compared with Listing 3. The current stage of the prototype can be 
viewed at http://in-nit.dk/project/listing7.htm. The new layout and styling are reminiscent of the original 
application’s layout and styling and in order to provide continuity to the original application’s functionality, 
while the underlying structure is based on the previously described experiments shown in Listing 1, 2 and 3. 
The program code of the prototype consists of the three parts:  
1. Listing 7- Listing4.htm 
2. Listing 8 - listing4-base-style.css 
3. Listing 9 - listing4.functions.js. 
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Listing 7 contains the HTML markup, structure and content, while Listing 8 provides a CSS style sheet, and 
Listing 9 provides functions that automate behavior, as well as applies some of the dynamic styling. The 
following section will briefly describe the basic outlines of the application. 
 The top and left side of the layout in Listing 7 are defined on lines 12 - 26: 
   <div id='page'> 
   <div id="inner-page"> 
   <div id='header' class='row '> 
         <div class="zombie one-forth offset-one-twelfth"> 
              <img src="images/RMlogo.jpg" alt="RMlogo"/></div> 
    </div> <!-- end of header --> 
   <div id='content-wrapper' class='row'> 
   <div id='left-content' class='float-left'> 
               <div class='leftmenu half-em-padded' > 
               <h4>These are the steps to complete:</h4> 
                  <ul> 
            <!-- the steps are added by function.library2.js -->    
          </ul> 
          </div> <!--  end of left menu -->   
   </div>   <!-- end of left-content --> 
 
The ‘page’ element has an initial width of 80%, which media queries change to 100% when viewed by a 
smartphone with a small screen, see Figure 66 and Figure 67.  An ‘inner-page’ element has been added as an 
extra wrapper just inside of the enclosing “page” element in order to create visible left and right borders that 
expand and contact in step with the expanding and contracting of height of contents of the ‘page’ element. 
Due to the way the prototype web page is designed, text and input fields are clearly readable without the user 
needing to use the zoom function. Figure 96 shows the new design as seen on an iPhone in portrait mode, 
and Figure 97 in landscape mode. However, the iPhone and perhaps other smartphones will zoom in 
automatically every time a user taps an input field and will remain zoomed in unless the user zooms out 
manually, see Figure 62 and Figure 63 for screen shots where the original application is viewed in a zoomed 
in screen. This automatic zooming feature reduces the usability of the application in as much as the zoom 
function becomes a time-waster and annoyance. This usability issue can be resolved by disabling the zoom 
function by including a <meta> tag, like the following (line 5 of Listing 7): 
 
   <meta name="viewport" content="width=device-width, initial-scale=1.0, 
maximum-scale=1.0, user-scalable=0" /> 
The effective parameter is  
      content=". . .  maximum-scale=1.0, user-scalable=0" 
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This setting will always disable the ability of the device to zoom in [116]. This design decision may be 
controversial, as some users might not appreciate not being able to zoom in on the page. Whether this part of 
the design is a good or bad decision would typically be resolved in a usability evaluation of the prototype.  
5.4.3 Content of the left side 
The ‘content-wrapper’ and ‘left-content’ elements are the same as in Listing 3, however the content has been 
changed by adding an inner element assigned to a ‘left-menu’ class, which provides CSS styling on the lines 
28 – 35 of final-base-style.css. The element is initially empty, but on page load is filled with an unordered 
list by the createMultiSteps (), function on lines 71 – 83 of final.function.library.js. 
5.4.4 Content of the right side  
On the top of the ‘right-content’ element is located a horizontal navigational item on lines 33 – 39: 
     <div class="horizontal-nav"> 
        <div class="float-left"> 
           <button type="button" class="navigationButton backButton" 
             onclick="prevFormPage();">Previous</button></div> 
 . . .  
The buttons, of which there are two, allow users to page forward and backwards through the individual form 
pages. The application contains a single HTML form, which is subdivided by <div> tags into multiple ‘form 
pages’. Each “form page” contains the contents of an individual section of the HTML form. The purpose of 
this approach is to avoid having a HTML form per ‘form page’, which would complicate the structure and 
handling of input data. The navigational buttons have onclick events that trigger the paging functions. The 
paging functions hide the current form page after which they will show the form page to which the user 
wishes to proceed.  As mentioned previously, a ‘form page’ is merely the contents of a <div> element, e.g. 
‘formpage6’ on lines 253 – 272: 
       <!-- START OF SIXTH FORM PAGE SECTION --> 
       <div class="formpage" id="formpage6"> 
        <div class="hidden">Børn</div> 
        <fieldset title="trin 3" class="step">  
         <legend>oplysninger om børn</legend> 
          <div class="two-em-padded"> 
          <div class="row quart-em-padded"> Jeg har børn under 18 år *</div> 
           
          <div class="row quart-em-padded"><div class="float-left"> 
          <input type="radio" name="boern" id="boern1" value="1"/> 
          </div><div class="float-left"><label for="boern1"> Ja</label> 
          </div></div> 
           
          <div class="row quart-em-padded"><div class="float-left"> 
          <input type="radio" name="boern" id="boern2" value="2"/> 
          </div><div class="float-left"><label for="boern2"> Nej 
          </label></div></div> 
        </div> 
       </fieldset> 
     </div> <!-- end of formpage 6 --> 
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The form page is uniquely identified by the ‘id’ attribute of the containing <div> element, in the above case: 
<div class="formpage" id="formpage6">. To provide the form page with a human readable 
display name, which is just information about the form page, a hidden <div> element is inserted in the form 
page containing the human-readable name. For example, the <div> element with the unique id=’formpage6’ 
has the human readable name Børn (Children).   Navigational elements, when clicked, activate one of the 
following functions: nextFormPage (), prevFormPage (), or gotoFormPage (id) as the case may be. When 
these functions are executed the currently visible form page will be hidden and the required form page will 
be displayed.  
5.4.5 Content of Page Bottom. 
The same horizontal navigational elements as found at the top of the right-content element are repeated at the 
bottom of the element. The lowest element is the footer, as in Listing 3..  
5.5 Matching Usability Issues with Solutions 
The prototype Listing 7 is an attempt to show how the design solutions developed in previous sections might 
be implemented using the technical approaches previously discussed. The following points can be made 
regarding the matching of usability issues to design and technical solutions:  
 Usability Issues Design and Technical Solutions  
1. Lack of screen space. Figure 62 
and Figure 64 
1) Screen space has been conserved by using hideAddressBar () function 
on line 163 to hide the address bar. 
2) Screen space has been saved by eliminating the page margins by using 
media queries in the style sheet to change the ‘page’ width to 100 % 
when displayed on an iPhone. See line 129 and 149 in the style sheet. 
4. The <meta viewport> tag has been configured to prevent any zooming 
of the display at any times. See line 6 of Listing 9. Zooming is 
therefore no longer possible in smartphones, thus eliminating the 
problem where touching an input field causes the display to zoom, 
and where the display does not go back to normal after the focus 
leaves the input field.  
5. An alternative solution would be to prevent zooming only when focus 
is on an input field, but this method is not functional at the moment. 
See lines 12 – 23 of the final.functionlibrary.js for details of a 
proposed but non-functional solution.  
2. Pages could not be read 
properly without zooming in. 
Figure 61 and Figure 63 
1) A fluid grid-layout has been developed using responsive web design 
principles. By using proportional dimensions instead of absolute 
dimension, the layout will expand and contract automatically adapting 
its dimensions to device type dimensions. 
2) By using media queries the layout adapts itself to smaller screens, 
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therefore eliminating elements that waste space. 
3) By using media queries, fonts and images adjust themselves to smaller 
screens increasing their relative size for readability. 
3. Pages could not be read 
properly without swiping left 
and right. Figure 62 and Figure 
64 
1) Form fields are visible in their full horizontal lengths on any screen 
size without swiping. 
2) Form pages containing many form lines are displayed vertically in the 
vertical stack pattern. 
4. Buttons hard to tap accurately. 1) The “Generous Borders” design pattern has been implemented to 
ensure that tappable areas are easier to hit accurately and are far 
enough away from each other for users to be able avoid hitting the 
wrong button or multiple buttons simultaneously. 
5. Excessive amount of 
information on individual 
pages.  
1. Create adequate space on the page so information it is easily visible. 
6. Navigational buttons are 
hidden at the bottom of the 
pages 
1) Horizontal navigation was added just below the header in an “anti-
pattern” to “Bottom Navigation” (p.28) is needed, to provide users 
with navigational buttons both at the top and the bottom of the form 
pages. 
7. Getting lost in the 
application 
1) The left menu is configured as “multi-steps”, where the “active” step 
is highlighted with a totally different color than the “inactive” steps.  
2) Just beneath the header, a button displays the name of the current 
“form page”.  Both already exist in the Resultmaker application, but 
were apparently not very user friendly. 
3) Make sure there are no buttons that throw users out of the 
application.  
 
 
Finally, a Modular approach was used to creating the Web application 
1. HTML is used for content, CSS is used for presentation and Javascript is used for behavior. 
2. The web page is designed so that it can easily be transformed into a template for use when creating 
dynamically generated pages. This makes the web page transferrable from one application to 
another. 
3. The left menu is not hard-wired but automatically generated using a Javascript. 
4. The ‘form pages’ are designed in a way which would makes it possible to develop a function that 
generates them from configuration data located in a data base or an xml configuration file rather than 
being hard-wired as in the prototype. 
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6. Conclusion/Discussion 
The usability evaluation of the web applications was conducted with the participation of only six testers, but 
the evaluation was still able to provide important information regarding the usability of the applications. 
When conducting the evaluation, it appeared that participants made very similar observations and comments 
regarding usability issues, and it did not seem that if would have made a difference to have had more than the 
six testers participating in the evaluation, confirming Jacob Nielsen’s previous mentioned statement that 
there is little correlation between the quality of an evaluation and the number of test users above the number 
five [63]. See also Figure 55.   
There were clearly serious usability issues when using the web applications in mobile devices, in particular 
smartphones, and it would make sense to redevelop the application as to be more compatible with mobile 
devices. Responsive Web Design requires designing web applications so they adapt themselves to the device 
type that is browsing, and this approach was clearly shown to be a possibility using existing technology, 
whether considering the Javascript or media queries/CSS/grid-layout approach.  While the project showed 
that the media query/CSS/grid-layout approach was easier to use in the circumstances than the Javascript 
approach, this does not mean this approach will always be the superior choice, as other circumstances might 
lead to the Javascript approach being the best.  
A weakness inherent in the choice of technology for the prototype is the jQuery library. The library 
contributes in a positive way by making it possible to use fewer lines of Javascript lines in script and enables 
cross-browser compatibility. The downside is that the prototype application depends on an open-source third 
party product, that no-one cannot be completely sure will continue to exist and maintained – if the jQuery 
project were to be abandoned, the web application would be in the undesirable position of being dependent 
on obsolete technology 
Whether the Responsive Web Design approach itself is appropriate in the specific circumstances of a web 
application would be a matter of judgment, as the development of a responsive web application requires the 
commitment of resources, in just the same way as if a separate mobile site were to be developed.  Major 
providers of web technology such as Apple, Google and Microsoft suggest that solutions for problematic 
issues with web applications can be applied either on the server or on the client and both approaches have 
advantages as well as disadvantages.  The decision to develop a responsive web application instead of a 
mobile site would depend on whether a responsive web design will fulfill the user requirements of both types 
of applications, and taking into account the resources necessary for developing a responsive application, 
whether that commitment of resources is commensurate with the utility of the application to its owner.  
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7. Figures 
 
  
Figure 1 - Making your own Space War Game on the 
Dynabook.” [10]. 
Figure 2 -Cardboard model of the Dynabook, ca. 1968 [10]. 
 
  
Figure 3 – 1983 Commodore [13]. Figure 4 – 1988 Compaq  [117]. 
 
  
Figure 5 – 1991 Macintosh PowerBook 100 [118]. Figure 6 -2013 Dell Latitude E6330 [119]. 
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Figure 7 – 1993 Apple Message 
Pad [120]. 
Figure 8 - 1997 Apple E-mate [121]. Figure 9 – 1996 Palm Pilot 1000 [19]. 
 
  
 
Figure 10 – 1994 Simon Personal 
Communicator [22]. 
Figure 11 – Ericsson Penelope [122]. Figure 12 – 1996 Nokia Communicator 
9000 [26]. 
 
  
 
Figure 13, Ericsson R380 smartphone  [123]. Figure 14, Ericsson R380 smartphone [123]. 
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Figure 15 - BlackBerry Curve 8320 
2009 [124] 
Figure 16 – Windows Mobile 
6.5. 2009 [30] 
Figure 17 – iPhone 1 (2007) [125] 
 
 
 
Figure 20 – Schematic Overview of Work Flow Processing – Resultmaker A/S 
 
 
 
 
Figure 18 – 2003 Apple Design Application [37] Figure 19 2003 Apple Design Application [37] 
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Figure 21 – Front end of Demo site – select an application for demoing 
http://demo60.resultmaker.com). 
 
Figure 22 – A practical example of an application using the Process Engine from the demo site. 
http://demo60.resultmaker.com 
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Figure 23 – Global PC and Tablet Shipments [46]. 
 
 
Figure 24 – Global Smartphone Shipments by Vendor [126] 
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Figure 25 – Global Smartphones Shipments by OS [33] 
 
 
Figure 26 – Worldwide Smart Connected Devices Market Forecast [44] 
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Figure 27 –suggested mobile usability framework [48, p. 121]. 
 
 
Figure 28 – Distribution of Mobile Usability Measures [48, p. 124 ff.]. 
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Figure 29 [55] – Frequency of top tablet activities by top 
locations. 
 
Figure 30 [55] – Frequency of top tablet activities by 
secondary activities. 
 
 
 
 
 
 
Figure 31 – Proposed Responsive Web Design for the BBC [71]. 
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Figure 32 – Responsive Architecture – Windows have not yet become opaque [127]. 
 
Figure 33 – Responsive Architecture – windows have become opaque [127]. 
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Figure 34 – Vertical Stack – Design Pattern [80, p. 449]. 
 
Figure 35 – Filmstrip  – Design Pattern [80, p. 452]. 
 
Figure 36 – Touch Tools [80, p. 454]. 
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Figure 37 – Bottom Navigation [80, p. 456]. 
 
 
 
Figure 38 – Thumbnail and Text [80, p. 459]. 
 
 
 
 
Figure 39 – Infinite List [80, p. 462]. Figure 40 – Text Clear Button [80, p. 467]. 
 
 
 
Figure 41 – Generous Borders [80, p. 464]. Figure 42 – Loading Indicators [80, p. 468]. 
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Figure 43 – Richly Connected Apps [80, p. 
470]. 
Figure 44 – Streamlined Branding [80, p. 473]. 
 
 
Figure 45- Form Design Patterns [81, p. 41]. 
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Figure 46 – GroupOn [81, p. 42]. Figure 47 – PNC’s Virtual Wallet [81, p. 44]. 
 
 
Figure 48 – PageOnce and Gowalla [81, p. 45]. 
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Figure 49 – Evernote and Intuit  [81, p. 47] 
 
 
Figure 50. Fring [81, p. 57] 
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Figure 51. TurboTax Snap Tax. [81, p. 59] 
 
 
Figure 52. Square setup process. [81, p. 60]. 
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Figure 53. Zappos  [81, p. 61]. Figure 54. Skype [81, p. 61]. 
 
 
 
 
Figure 55 –Number of usability findings as function of number of test users per group [63] . 
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Figure 56 – Task 1.1 – B2B Contract EForm on iPad 
 
Figure 57- Task 2.1 - Apply for Social Benefits on iPad. 
 
Figure 58 - Task 3.1 - Terminate Rental Contract on iPad. 
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Figure 59 Task 1.2 - B2B Contract EForm on on iPhone. 
 
Figure 60 – Apply For Social Benefits on iPhone. 
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Figure 61 – Apply for Social Benefits – start page. Figure 62 – Apply for Social Benefits – start page – automatic 
zoom feature. 
 
  
Figure 63 – Apply for Social Benefits – start page. Figure 64 – Apply for Social Benefits – start page – automatic 
zoom feature. 
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Figure 65 – Terminate Rental Contract on iPhone. 
 
Figure 66 – Task Completion Rate – All Tasks. 
 
Figure 67 – Overall Favorability ratio of ‘Agrees’ and ‘Strongly Agrees’. 
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Figure 68 - Overall Favorability – Average Likert Rating  (the red line is Neutral: 3). 
 
Figure 69 – HTTP Response of Listing 1 in Mozilla Firebug (Headers). 
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Figure 70 – HTTP Response content of Listing 1 in Mozilla Firebug. 
 
Figure 71 – DOM model [92]. 
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Figure 72 – Example of DOM model usage, listing 1. 
 
Figure 73 – DOM Structure analysis of listing 1. 
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Figure 74 – image on iPhone, containing a single 320 x 356 pixel 
image rendered with default settings [94]. 
 
Figure 75 – Comparison of 320 pixel and 980 pixel viewports 
[94]. 
 
 
 
Figure 76 – Listing 1 on iPhone portrait mode. Figure 77 – Listing 1 on iPhone landscape mode. 
 
 
. 
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Figure 78 – Listing 1 on iPad portrait mode. Figure 79 – Listing 1 on iPad landscape mode. 
 
 
Figure 80 – Browser usage  [128] 
 
0,00% 
10,00% 
20,00% 
30,00% 
40,00% 
50,00% 
60,00% 
Browser usage - May 2012-April 2013 
IE 
Firefox 
Chrome 
Safari 
Opera 
104 
 
 
Figure 81 - Dividing CSS into modules [102]. 
 
Figure 82, Listing 2 on a Desktop computer. 
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Figure 83, Listing 2 on an iPhone, Portrait mode. Figure 84, Listing 2 on iPhone, Landscape mode. 
 
 
 
Figure 85, Listing 2 on an iPad, Portrait mode Figure 86, Listing 2 on iPad, Landscape Mode. 
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Figure 87, W3C Box Model.  
 
 
Figure 88, Wire Frame model of Listing 3. 
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Figure 89, Listing 3 on Desktop Display. 
  
 
 
Figure 90, Listing 3 on iPhone, portrait mode Figure 91, Listing 3 on iPhone, landscape mode 
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Figure 92, Listing 3 on iPad, Portrait mode. Figure 93, Listing 3 on iPad, landscape mode. 
 
 
 
Figure 94 - Resultmaker on iPhone, Portrait mode. Figure 95 - Resultmaker on iPhone, Landscape mode. 
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Figure 96 – Listing 7 on iPhone portrait mode Figure 97 – Listing 7 on iPhone landscape mode. 
 
 
Figure 98, Wireframe Layout of Listing 7. 
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8. Tables 
 
 
 
Top Five Smartphone Vendors, Shipments, and Market Share Calendar Year 2012 (Units in Millions)  Source: IDC 
Vendor 2012 Unit 
Shipments 
2012 Market 
Share 
2011 Unit Shipments 2011 Market 
Share 
Year over Year 
Change 
1. Samsung 215.8 30.3 % 94.2 19.0 % 129.1 % 
2. Apple 135.9 19.1 % 93.1 18.8 % 46.9 % 
3. Nokia 35.1 4.9 % 77.3 15.6 % -54.6 % 
4. HTC 32.6 4.6 % 43.6 8.8 % -25.2 % 
5. Research In 
Motion 
32.5 4.6 % 51.1 10.3 % -36.4 % 
Others 260.7 36.5 % 135.3 27.5 % 92.7 % 
Total 712.6 100.0 % 494.6 100.0 % 44.1 % 
Table 2  
 
Distribution of installed OS by Tablet Device model - Jan. 2013. Source IDC 
Manufacturer Android % iOS % Windows 
RT 
% Windows 
8 
% Total % 
Acer 2           1   3 11,1 % 
Amazon 
Kindle 
1               1 3,7 % 
Apple     2           2 7,4 % 
Arcos 2               2 7,4 % 
Asus 4       1       5 18,5 % 
Dell         1       1 3,7 % 
Google Nex 1               1 3,7 % 
Huawei 1               1 3,7 % 
Lenovo 1               1 3,7 % 
MS Surface         1       1 3,7 % 
Nook 1               1 3,7 % 
Onda 1               1 3,7 % 
Samsung 2       1       3 11,1 % 
Table 1 - [17] 
112 
 
Sony 1           1   2 7,4 % 
Toshiba 2               2 7,4 % 
Total 19 70,4% 2 7,4% 4 14,8% 2 7,4% 27 100,0% 
Table 3 [40] 
 
Smart Connected Device Market by Product Category Shipments 2012-2016. Source IDC 
Product 
Category 
2016 Unit 
Shipments 
2016 Market 
Share 
2012 Unit 
Shipments 
2012 
Market 
Share 
2016/2012 Growth 
1. Desktop PC 151,0 7,2% 149,2 12,5% 1,2% 
2. Portable PC 268,8 12,8% 205,1 17,2% 31,1% 
3. Smartphone 1405,3 66,7% 717,5 60,1% 95,9% 
4. Tablet 282,7 13,4% 122,3 10,2% 131,2% 
            
            
Total 2107,8 100.0% 1194,1 100.0% 76,5% 
Table 4 [44] 
 
                      
 
Table 5 [55] 
 
Table 6 [55] 
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Consumer Use pct. Business Use pct 
Gaming 84% Browsing 73% 
Browsing 78% Email 69% 
Email 74% Working Remotely 67% 
  
Sales Support 46% 
  
Customer Representative 45% 
Table 8 [56, p. 48] 
Function Smartphone Tablet Laptop 
Check e-mail  X X X 
Simple Applications   X X X 
View Documentation 
 
X X 
Use as a gateway to access organization applications 
 
X X 
Light content creation 
 
X X 
Business web application Clients  X  X  
 
X X 
Presentation tool 
 
X X 
Graphic Design 
  
X 
Software - ‘Fat’ or ‘Thick’ Clients 
  
X 
Heavy Content Creation 
  
X 
Require CD / DVD 
  
X 
Require mass storage 
  
X 
Table 9 [56, p. 52] 
 
Table 7 [55] 
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Theme  Examples of questions 
1.Installation Easy to assemble, install or set-up 
2.Learnability It was easy to learn 
3.Ease of Use It was easy to move from one task to another 
The organization of information in the mobile service is clear. 
4.Efficiency I can complete my work tasks quickly. 
Some work tasks are to slow to complete 
Response times are fast enough in the mobile service. 
5.Effectiveness The work task sometimes fails. 
The mobile service enables quick, effective task performance. 
6.User Satisfaction I would recommend the service to others 
Using the mobile service is attractive and pleasing. 
I feel confident using the mobile service. 
7.Factors related to Mobile context The battery capacity is sufficient for the purpose. 
The screen size adequate. 
Using the device in one hand is easy. 
Sometimes the environment makes use of the service difficult 
8.Safety The use of the mobile device has caused me safety risks 
Using the mobile service on the move is easy. 
9.Support I always know where to go for help. 
The help information given by the service is useful (TAM) 
10. Mobile Work Productivity Using the mobile service reduces the time I use travelling. 
I can complete my work tasks in less time than perform. 
Using the mobile service increases my work motivation. 
Using the mobile service increases my productivity. 
Table 10 [61, p. 243] 
 
TASK 1.1 - B2B 
Contract on iPad 
Strongly  
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
TOTAL 
responses 
AVERAGE 
LIKERT 
Value 
Percent 
agree 
Thought application 
easy to learn? 
0 0 0 4 2 6 4,3 100,0 % 
The form was easy to 
use? 
0 0 0 4 2 6 4,3 100,0 % 
Was able to complete 
task quickly? 
0 1 0 3 2 6 4,0 83,3 % 
Was able to complete 
task? 
3 2 1 0 0 6 1,7 0,0 % 
Were the forms 
pleasing to use? 
0 0 3 2 1 6 3,7 50,0 % 
Was the screen size 
adequate 
0 1 2 2 1 6 3,5 50,0 % 
I would recommend 
the service to others. 
1 2 0 1 2 6 3,2 50,0 % 
Overall Favorability. 4 6 6 16 10 42 3,5 61,9 % 
Table 11 
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TASK 2.1 - Apply for 
Social Benefits on 
iPad 
Strongly  
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
TOTAL 
responses 
AVERAGE 
LIKERT 
Value 
Percent 
agree 
Thought application 
easy to learn? 
0 2 0 2 2 6 3,7 66,7 % 
The form was easy to 
use? 
0 0 3 2 1 6 3,7 50,0 % 
Was able to complete 
task quickly? 
1 1 2 2 0 6 2,8 33,3 % 
Was able to complete 
task ? 
1 1 0 2 2 6 3,5 66,7 % 
Were the forms 
pleasing to use? 
0 2 1 3 0 6 3,2 50,0 % 
Was the screen size 
adequate 
0 2 1 1 2 6 3,5 50,0 % 
I would recommend 
the service to others. 
2 1 1 0 2 6 2,8 33,3 % 
Overall Favorability 4 9 8 12 9 42 3,3 50,0 % 
Table 12 
 
TASK 3.1 - Terminate 
rental agreement on 
iPad 
Strongly  
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
TOTAL 
responses 
AVERAGE 
LIKERT 
Value 
Percent 
agree 
Thought application 
easy to learn? 
0 0 0 4 2 6 4,3 100,0 % 
The form was easy to 
use? 
0 0 1 4 1 6 4,0 83,3 % 
Was able to complete 
task quickly? 
0 0 3 3 0 6 3,5 50,0 % 
Was able to complete 
task ? 
2 0 0 2 2 6 3,3 66,7 % 
Were the forms 
pleasing to use? 
0 2 1 2 1 6 3,3 50,0 % 
Was the screen size 
adequate 
0 0 1 2 3 6 4,3 83,3 % 
I would recommend 
the service to others. 
1 0 2 2 1 6 3,3 50,0 % 
Overall Favorability 3 2 8 19 10 42 3,7 69,0 % 
Table 13 
 
TASK 1.2 - B2B 
Contract on iPhone 
Strongly  
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
TOTAL 
responses 
AVERAGE 
LIKERT 
Value 
Percent 
agree 
Thought application 
easy to learn? 
0 0 1 3 2 6 4,2 83,3 % 
The form was easy to 
use? 
0 1 0 3 2 6 4,0 83,3 % 
Was able to complete 
task quickly? 
0 2 0 3 1 6 3,5 66,7 % 
Was able to complete 
task ? 
2 1 2 1 0 6 2,3 16,7 % 
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Were the forms 
pleasing to use? 
1 3 0 2 0 6 2,5 33,3 % 
Was the screen size 
adequate 
3 1 1 1 0 6 2,0 16,7 % 
I would recommend 
the service to others. 
2 2 0 0 2 6 2,7 33,3 % 
Overall Favorability 8 10 4 13 7 42 3,0 47,6 % 
Table 14 
 
TASK 2.2 - Apply for 
Social Benefits on 
iPhone 
Strongly  
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
TOTAL 
responses 
AVERAGE 
LIKERT 
Value 
Percent 
agree 
Thought application 
easy to learn? 
0 2 1 1 2 6 3,5 50,0 % 
The form was easy to 
use? 
1 2 2 1 0 6 2,5 16,7 % 
Was able to complete 
task quickly? 
1 2 1 2 0 6 2,7 33,3 % 
Was able to complete 
task ? 
0 1 1 2 2 6 3,8 66,7 % 
Were the forms 
pleasing to use? 
2 3 1 0 0 6 1,8 0,0 % 
Was the screen size 
adequate 
4 2 0 0 0 6 1,3 0,0 % 
I would recommend 
the service to others. 
3 2 0 0 1 6 2,0 16,7 % 
Overall Favorability 11 14 6 6 5 42 2,5 26,2 % 
Table 15 
 
TASK 3.2 - Terminate 
Rental Agreement on 
iPhone 
Strongly  
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
TOTAL 
responses 
AVERAGE 
LIKERT 
Value 
Percent 
agree 
Thought application 
easy to learn? 
0 0 1 4 1 6 4,0 83,3 % 
The form was easy to 
use? 
1 1 0 4 0 6 3,2 66,7 % 
Was able to complete 
task quickly? 
1 2 2 1 0 6 2,5 16,7 % 
Was able to complete 
task ? 
2 3 1 0 0 6 1,8 0,0 % 
Were the forms 
pleasing to use? 
1 2 2 1 0 6 2,5 16,7 % 
Was the screen size 
adequate 
2 3 0 1 0 6 2,0 16,7 % 
I would recommend 
the service to others. 
2 0 4 0 0 6 2,3 0,0 % 
Overall Favorability 9 11 10 11 1 42 2,6 28,6 % 
Table 16 
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Time consumption, 
completion rates and 
overall favorability 
Task 1.1 
(iPAD)     
Task 2.1 
(iPAD)     
Task 3.1 
(iPAD)     
Task 1.2 
(iPHONE)    
Task 2.2 
(iPHONE)    
Task 3.2 
(iPHONE)    
IPAD   
(avg. 
Tasks) 
IPHONE 
(avg. 
Tasks) 
time consumption 
(min) (average) 
4,8 13,5 12,8 4,2 10,5 4,7 10,4 6,4 
Task Completed? 1 6 3 4 6 2 3,3 4,0 
Task Completion rate 16,7 % 100,0 % 50,0 % 66,7 % 100,0 % 33,3 % 55,6 % 66,7 % 
Overall Favorability  as 
Average Likert rating 
3,5 3,3 3,7 3,0 2,5 2,6 3,5 2,7 
Overall Favorability as 
ratio of "Agree" and 
"Strongly Agree" to all 
Likert ratings 
61,9 % 50,0 % 69,0 % 47,6 % 26,2 % 28,6 % 60,3 % 34,1 % 
Table 17 
 
Task1.1 B2B Contract - iPad SPA MB CLA PL LPV LRO Freq. % 
Have to enable cookies 1 
 
1 
 
1 
 
3 50,0 % 
Price shouldn't be in a read-only input field. 
 
1 1 
  
1 3 50,0 % 
Hard to complete because of bug 1 1 
    
2 33,3 % 
Seems easy enough to use 1 
   
1 
 
2 33,3 % 
using an iPad is slower than Desktop computer 
  
1 1 
  
2 33,3 % 
Should add an extra line for address 
 
1 
    
1 16,7 % 
Adobe Reader needs to have been installed 
   
1 
  
1 16,7 % 
Hitting the wrong button means getting lost 
   
1 
  
1 16,7 % 
User should be able to select a diff. Lang. 
     
1 1 16,7 % 
Table 18 
 
Task 1.2 B2B Contract - iPhone SPA MB CLA PL LPV LRO Freq. % 
Have to zoom in to see clearly 1 1 1 1 
  
4 66,7 % 
User has to scroll right and left when zoomed in 
  
1 1 1 
 
3 50,0 % 
Zooming in impedes a good overview 1 
  
1 
  
2 33,3 % 
User must concentrate attention to fill in fields 1 
     
1 16,7 % 
Annoying that fields can’t be zoomed in and visible at the 
same time 
1 
     
1 16,7 % 
use CCS to format font sizes 
 
1 
    
1 16,7 % 
Continue Button hard to locate  
    
1 1 16,7 % 
Unsure if form was completed  
 
1 
   
1 16,7 % 
Hitting an input field magnifies, but you have to manually 
zoom out 
 
    
1 1 16,7 % 
Easy to get lost in application  
  
1 
  
1 16,7 % 
Signing Button hard to select  
     
0 0,0 % 
Table 19 
 
Task 2.1 B2B Social Benefits - iPad SPA MB CLA PL LPV LRO Freq. % 
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Radio buttons hard to hit 
 
1 1 1 
 
1 4 66,7 % 
Some pages are incredibly long - should be subdivided 1 1 
 
1 
  
3 50,0 % 
Calendar widget is hard to hit accurately 1 
  
1 
  
2 33,3 % 
Step wizard is OK 1 
     
1 16,7 % 
Zooms in to see more clearly 
     
1 1 16,7 % 
User has to scroll right and left when zoomed in 
     
1 1 16,7 % 
Page: Boligoplysninger hard to complete 1 
     
1 16,7 % 
Form is mixed English Danish 1 
     
1 16,7 % 
The form asks for owned house infor twice 1 
     
1 16,7 % 
Buttons generally easy to hit 1 
     
1 16,7 % 
Age is already included in CPRnr 
 
1 
    
1 16,7 % 
Browsers BACK button terminates session 
     
1 1 16,7 % 
Can the keyboard be split in the middle? 
 
1 
    
1 16,7 % 
Why wait with explanation until the last page? 
   
1 
  
1 16,7 % 
User unsure of whether the form is correctly completed 
   
1 
  
1 16,7 % 
Needs to swipe left and right to get overview 
    
1 
 
1 16,7 % 
Table 20 
 
Task 2.2 B2B Social Benefits - iPhone SPA MB CLA PL LPV LRO Freq. % 
Have to zoom in to see clearly 1 1 1 1 1 1 6 100,0 % 
Scrolls left and right when zoomed in 
   
1 1 1 3 50,0 % 
Hard to hit buttons accurately 1 
 
1 
  
1 3 50,0 % 
User can't see radio buttons when zoomed in 
 
1 1 
   
2 33,3 % 
Keyboard gets in the way 1 
 
1 
   
2 33,3 % 
Form contains too many fields 1 
 
1 
   
2 33,3 % 
Hard to find BACK and CONTINUE Buttons 
   
1 1 
 
2 33,3 % 
Hard to find the navigation buttons 
 
1 
 
1 
  
2 33,3 % 
Easy to get lost in the application 
   
1 
  
1 16,7 % 
Hard to tell whether its OK to click CONTINUE button 
    
1 
 
1 16,7 % 
Boligudgift page is annoying because so many fields 
    
1 
 
1 16,7 % 
User would prefer buttons lined up vertically 
    
1 
 
1 16,7 % 
Missing the buttons send the form back a step 1 
     
1 16,7 % 
Would be nice if the numeric keyboard was default for 
num. fields 
1 
     
1 16,7 % 
The Header take up valuable screen space 
 
1 
    
1 16,7 % 
Numeric fields should have zero as default value 
 
1 
    
1 16,7 % 
Font size needs to be adjustable to screen size 
     
1 1 16,7 % 
Check boxes shouldn't resemble radio buttons 
     
1 1 16,7 % 
Too much info in too little space 
  
1 
   
1 16,7 % 
Form is very difficult on an iPhone 
    
1 
 
1 16,7 % 
119 
 
Table 21  
 
Task 3.1 B2B Give notice - iPad SPA MB CLA PL LPV LRO Freq. % 
If you hit the wrong button, the application disappears 
  
1 1 1 1 4 66,7 % 
Can't see which fields are mandatory 
 
1 
   
1 2 33,3 % 
Strange that there is no c/o address field 1 
     
1 16,7 % 
Adobe Reader needs to have been installed 1 
     
1 16,7 % 
Date picker should have months in the menu 
  
1 
   
1 16,7 % 
It would be nice if the postcode lookup up the city name 
 
1 
    
1 16,7 % 
Annoying to have to write same address info twice 
 
1 
    
1 16,7 % 
Cookies need to be enabled 
 
1 
    
1 16,7 % 
Please wait button not really visible 
   
1 
  
1 16,7 % 
Table 22 
 
Task 3.2 B2B Give notice – iPhone SPA MB CLA PL LPV LRO Freq. % 
Zooms in to get a clear view of screen 1 1 1 1 1 1 6 100,0 % 
Must scroll left and right 1 1 1 1 1 1 6 100,0 % 
If you hit the wrong button, the application disappears 
  
1 1 1 1 4 66,7 % 
Hitting the "show Data" button gets the user lost 
   
1 1 
 
2 33,3 % 
Would be nice if the numeric keyboard was default for 
num. fields 
1 
     
1 16,7 % 
Hard to hit buttons accurately 1 
     
1 16,7 % 
Error messages really big and in the way 
   
1 
  
1 16,7 % 
Keyboard is in the way 
  
1 
   
1 16,7 % 
The process is frustratingly slow 
  
1 
   
1 16,7 % 
User prefers more compact input fields 
    
1 
 
1 16,7 % 
Form is difficult to use on an iPhone 
    
1 
 
1 16,7 % 
Table 23 
 
 
 
Device Type - Brand OS Resolut. Size 
Screen 
width 
Screen 
height 
Acer Iconia Tab A100 Android 166dpi 7" 800 1280 
Acer Iconia Tab A101 Android 170dpi 7" 600 1024 
Acer Iconia Tab A200 Android 160dpi 10.1" 800 1280 
Acer Iconia Tab A500 Android 149dpi 10.1" 648 1280 
Acer Iconia Tab A502 Android 149dpi 10.1" 800 1280 
Ainol Novo 7 Elf 2 Android 170dpi 7" 496 1024 
Apple iPad iOS 132dpi 9.7" 768 1024 
Apple iPad 2 iOS 132dpi 9.7" 768 1024 
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Apple iPad 3 (and 4) iOS 264dpi 9.7" 768 1024 
Apple iPad Mini iOS 163dpi 7.9" 768 1024 
Apple iPhone 3G iOS 163dpi 3.5" 320 480 
Apple iPhone 3GS iOS 163dpi 3.5" 320 480 
Apple iPhone 4 iOS 326dpi 3.5" 320 480 
Apple iPhone 4S iOS 326dpi 3.5" 320 480 
Apple iPhone 5 iOS 326dpi 4" 320 568 
Apple iPod Touch iOS 163dpi 3.5" 320 480 
Archos 70b (it2) Android ?? 7" 600 1024 
Archos 80G9 Android 160dpi 8" 768 1024 
Arnova 7 G2 Android ?? 7" 480 800 
Arnova 7FG3 Android ?? 7" 640 1067 
Arnova 8C G3 Android 125dpi 8" 800 1067 
Arnova 10b G3 Android 160dpi 10.1" 600 1024 
ASUS Padfone Android ?? 4.3" 800 1128 
ASUS Transformer Pad 
TF300T 
Android ?? 10.1" 800 1280 
ASUS Transformer TF101 Android 149dpi 10.1" 800 1280 
BAUHN AMID-972XS Android ?? 9.7" 768 1024 
BlackBerry 9520 Blackberry OS 185dpi 3.25" 345 691 
BlackBerry Bold 9360 Blackberry OS 246dpi 2.44" 320 N/A 
BlackBerry Bold 9780 Blackberry OS 246dpi 2.44" 480 N/A 
BlackBerry Bold 9790 Blackberry OS 246dpi 2.45" 320 N/A 
BlackBerry Bold 9900 Blackberry OS 287dpi 2.8" 356 N/A 
BlackBerry Curve 9300 Blackberry OS 246dpi 2.45" 311 N/A 
BlackBerry Curve 9320 Blackberry OS 164dpi 2.44" 320 N/A 
BlackBerry Curve 9380 Blackberry OS 188dpi 3.2" 320 N/A 
BlackBerry PlayBook 
Blackberry Tablet 
OS 
169dpi 7" 600 1024 
BlackBerry Torch 9800 Blackberry OS 187.5dpi 3.2" 320 480 
BlackBerry Z10 Blackberry OS10 355dpi 4.2" 345 521 
BlackBerry Torch 9810 Blackberry OS 250dpi 3.2" 320 480 
HP Touchpad Android 132dpi 9.7" 768 1024 
HP Veer WebOS 197dpi 2.6" 320 545 
HTC 7 Mozart 
Windows Phone 
7 
252dpi 3.7" 320 480 
HTC 7 Trophy 
Windows Phone 
7 
245dpi 3.8" 320 480 
HTC Desire Android 252dpi 3.7" 320 533 
HTC Desire C Android 164dpi 3.5" 320 480 
HTC Desire HD Android 216dpi 4.3" 320 533 
HTC Desire Z Android 252dpi 3.7" 480 800 
HTC Evo 3D Android 256dpi 4.3" 540 960 
HTC Legend Android ?? 3.2" 320 480 
HTC One S Android 256dpi 4.3" 360 640 
HTC One V Android ?? 3.7" 320 533 
HTC One XL Android 260dpi 4.7" 360 640 
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HTC Sensation XL Android 198.5dpi 4.7" 360 640 
HTC Titan 4G 
Windows Phone 
7 
198.5dpi 4.7" 320 480 
HTC Velocity 4G Android 245dpi 4.5" 360 640 
HTC Wildfire S Android 180dpi 3.2" 320 480 
HTC Windows Phone 8X 
Windows Phone 
8 
341dpi 4.3" 320 480 
Huawei U8650 Android 165dpi 3.5" 320 480 
Kindle 3 Kindle 167dpi 6" 600 N/A 
Kindle Fire HD 7 Android 216dpi 7" 533 801 
Kindle Fire HD 8.9 Android 254dpi 8.9" 533 801 
Kindle Paperwhite Kindle 212dpi 6" 758 N/A 
Kobo eReader Touch Android 
N/A (E 
Ink) 
6" 600 N/A 
LG Optimus 2X Android 233dpi 4" 320 533 
LG Optimus L3 Android 125dpi 3.2" 320 427 
LG Optimus Pad Android 168dpi 8.9" 768 1280 
LG Viewty KU990 Java 155dpi 3" 240 400 
Microsoft Surface (RT) Windows RT 148dpi 10.6" 768 1366 
Motorola Defy Android 265dpi 3.7" 320 569 
Motorola Droid3 Android 275dpi 4" 360 599 
Motorola Droid Razr Android 256dpi 4.3" 360 640 
Motorola Milestone Android 265dpi 3.7" 320 569 
Motorola Razr HD 4G Android 312dpi 4.7" 360 598 
Motorola Razr M 4G Android 312dpi 4.7" 360 598 
Motorola Xoom Android 149dpi 10.1" 800 1280 
Motorola Xoom 2 Android 149dpi 10.1" 800 1280 
Nexus 4 Android 318dpi 4.7" 384 598 
Nexus 7 Android 216dpi 7" 603 966 
Nexus S Android 233dpi 4" 320 533 
Nokia 300 Nokia 167dpi 2.4" 234 N/A 
Nokia 500 Symbian 229dpi 3.2" 360 640 
Nokia 700 Symbian 229dpi 3.2" 240 427 
Nokia 2700 S40 200dpi 2" 240 N/A 
Nokia Lumia 610 
Windows Phone 
7 
252dpi 3.7" 320 480 
Nokia Lumia 710 
Windows Phone 
7 
252dpi 3.7" 320 480 
Nokia Lumia 800 
Windows Phone 
7 
252dpi 3.7" 320 480 
Nokia Lumia 820 
Windows Phone 
8 
217dpi 4.3" 320 480 
Nokia Lumia 900 
Windows Phone 
7 
217dpi 4.3" 320 480 
Nokia Lumia 920 
Windows Phone 
8 
332dpi 4.5" 320 480 
Nokia N95 S60 154dpi 2.6" 240 N/A 
Nokia N900 Naemo 267dpi 3.5" 480 800 
Panasonic Toughpad A1 Android 127dpi 10.1" 768 1024 
Samsung Galaxy Ace Android 165dpi 3.5" 320 480 
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Samsung Galaxy Grand Android 187dpi 5" 480 800 
Samsung Galaxy Ace 2 Android 246dpi 3.8" 320 533 
Samsung Galaxy Note Android 285dpi 5.3" 400 640 
Samsung Galaxy Note 2 Android 267dpi 5.5" 360 640 
Samsung Galaxy Note 10.1 Android 149dpi 10.1" 800 1280 
Samsung Galaxy S2 Android 217dpi 4.3" 320 533 
Samsung Galaxy S3 Android 306dpi 4.8" 360 640 
Samsung Galaxy S3 Mini Android 233dpi 4" 240 320 
Samsung Galaxy Tab 2 7.0 Android 170dpi 7" 600 1024 
Samsung Galaxy Tab 7 Android 170dpi 7" 600 1024 
Samsung Galaxy Tab 8.9 Android 170dpi 8.9" 800 1280 
Samsung Galaxy Tab 10.1 Android 149dpi 10.1" 800 1280 
Samsung Galaxy Tab 10.1 Android 149dpi 10.1" 800 1280 
Windows Surface Pro Windows 8 207dpi 10.6" 1080 1920 
Sony Xperia E Dual Android 164dpi 3.5" 320 480 
Table 24 [98] 
 
Width pixels Device Description for selected resolution breakpoints  
320  For small screen devices, like phones, held in portrait mode 
480 For small screen devices, like phones, held in landscape mode 
600 Smaller tablets, like the Amazon Kindle (600×800)  held in portrait mode 
768 Ten-inch tablets like the iPad (768×1024) held in  portrait mode 
1024 
Tablets like the iPad (1024×768) held in landscape mode as well as certain laptop, 
netbook, and desktop displays. 
1200  For widescreen displays, primarily laptop and desktop browsers 
Table 25 [72, p. 114] 
 
 
1Q 2009 2Q 2012 1Q 2009 2Q 2012 
OS % OS % Vendor % Vendor % 
Symbian 53,17 Android 64,47 Blackberry 48,13 Samsung 41,31  
Blackberry 22,47  iOS 18,93  Apple  24,58  Apple  19,74  
iOS 11,48  Symbian 5,93  HTC 12,52  Sony 6,53  
Microsoft Windows 11,15  Blackberry 5,22  Motorola 8,21  HTC 5,65  
Android 1,70  Samsung Bada 2,75  Samsung 6,55  Huawei 5,58  
Samsung Bada 0,00  Microsoft Windows  2,67  N okia 0,00  Blackberry 5,43  
    LG 0,00  LG 5,14  
    Sony 0,00  ZTE 4,99  
    Huawei 0,00  Motorola 3,52  
    ZTE 0,00  Nokia 2,13  
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 100  100  100%  100  
Table 26 - Based on data from Figure 24 and Figure 25. 
 
Feature Value 
Accepts 
min/max 
prefix 
Description 
width length 
Yes 
The width of the targeted display area (ie: the browser 
window on most desktop and mobile devices). On desktop 
computers, if the user resizes the browser, the width changes 
as a result, while on most mobile browsers, the inability to 
resize the browser window means it will stay constant. 
height length 
Yes 
The height of the targeted display area (ie: the browser 
window on most desktop and mobile devices). 
device-width length 
Yes 
The width of the device's entire screen irrespective of the 
browser window's width. On a desktop with screen 
resolution 1024x768 for example, the device-width is always 
1024. On an iPhone -including iPhone 4- the device-width is 
320. 
device-height length 
Yes 
The height of the device's entire screen. On a desktop with 
screen resolution 1024x768 for example, the device-height is 
768. On an iPhone- including iPhone 4, the device-height is 
480. 
orientation "portrait" or 
"landscape" no 
The orientation of the device. When the device's "width" 
media is larger than its "height", the orientation value 
returned is "landscape", otherwise, it returns "portrait". 
aspect-ratio ratio 
yes 
Detects the ratio of value of the "width" media to the value 
of the "height" media, such as 2/1 
device-aspect-
ratio 
ratio 
yes 
Detects the ratio of value of the "device-width" media to the 
value of the "device-height" media. On a device with screen 
resolution 1280x720, the following device-aspect-ratio values 
would all match it (multiples of 1280x720): 
@media screen and (device-aspect-ratio: 16/9) { } 
@media screen and (device-aspect-ratio: 1280/720) { } 
@media screen and (device-aspect-ratio: 2560/1440) { } 
color integer 
yes 
Number of bits per color component of the device. If the 
device is not a color device, the value is zero. 
color-index integer 
yes 
Number of entries in the color lookup table of the output 
device. 
monochrome integer 
yes 
Number of bits per pixel in a monochrome frame buffer. For 
non monochrome devices, this value is 0. 
resolution resolution 
yes 
The resolution of the output device, or the density of the 
pixels. Common units are "dpi" and "dpcm".  
scan "progressive" 
or "interlace" 
no 
The scanning process of "tv" output devices. 
grid 1 or 0 
no 
Detects whether the output device is grid or bitmap. Grid 
based devices return a value of 1, all others a value of 0. 
Table 27 - [129] 
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9. Program Code 
9.1 Listing 1- listing1.htm 
  
  1  <!DOCTYPE HTML> 
  2  <html> 
  3  <!-- listing1.htm --> 
  4     <head> 
  5        <meta http-equiv="Content-Type" content="text/html; charset=utf-8"> 
  6            <meta name="viewport" content="width=980" /> 
  7        <link rel="apple-touch-startup-image" href="splashimage.png" /> 
  8        <title>Dynamic image sizing</title> 
  9     </head> 
 10     <body> 
 11   
 12        <div id='content'> 
 13           <img id='img_earth' src='earth.gif' width='480' height='480' 
 14              align='left' alt="Earth"/> 
 15   
 16           <h3>The Earth</h3> 
 17           Earth (or the Earth) is the third planet from the Sun, and the 
 18           densest and fifth-largest of the eight planets in the Solar 
 19           System.<br /> 
 20           &nbsp;&nbsp;&nbsp;&nbsp;&nbsp;It is also the largest of the 
 21           Solar System's four terrestrial planets. It is sometimes 
 22           referred to as the World, the Blue Planet, or by its Latin 
 23           name, Terra.<br /> 
 24        </div> 
 25  <script type="text/javascript"> 
 26  //========================================================== 
 27  // MAIN SECTION 
 28  //========================================================== 
 29          var PORTRAIT = 0; 
 30          var LANDSCAPE = 1; 
 31          var sizeFactor, fontSize, currOrientation; 
 32          var currInnerWidth = window.innerWidth; 
 33          var currInnerHeight = window.innerHeight; 
 34           
 35          var originalwidth = new Array(); 
 36          var originalheight = new Array(); 
 37          var int=window.setInterval(function(){updateLayout()},500); 
 38           
 39  //========================================================== 
 40  // FUNCTIONS 
 41  //========================================================== 
 42    
 43      function updateLayout() 
 44        { 
 45          if(currOrientation != checkOrientation()) { 
 46              currInnerWidth = window.innerWidth; 
 47              currInnerHeight = window.innerHeight; 
 48              currOrientation = checkOrientation(); 
 49              setFactorsMethod1() //or setFactorsMethod2() 
 50              adjustMargins('img_earth'); 
 51              adjustElement('content'); 
 52              resizeImages(); 
 53              displayDeviceDimensions('content'); 
 54          } 
 55      } 
 56           
 57     function GetBrowser() 
 58     { 
 59          if (NavCheck('iPhone') || NavCheck('iPod')) 
 60              return 'iPhone' 
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 61          else if (NavCheck('iPad')) 
 62              return 'iPad' 
 63          else if (NavCheck('Android')) 
 64              return 'Android' 
 65     } 
 66   
 67     function NavCheck(check) 
 68     { 
 69          var useragent = navigator.userAgent; 
 70          return useragent.indexOf(check) != -1; 
 71     } 
 72    
 73     function resizeImages(){ 
 74          images = document.getElementsByTagName('img'); 
 75          for (j = 0 ; j < images.length ; ++j) 
 76          { 
 77              if(originalwidth[j] == null) 
 78                  originalwidth[j] = images[j].width; 
 79              if(originalheight[j] == null) 
 80                  originalheight[j] = images[j].height; 
 81              images[j].width  = originalwidth[j]*sizeFactor 
 82              images[j].height = originalheight[j]*sizeFactor 
 83              images[j].title = "width:" + images[j].width 
 84                  + "x height:" + images[j].height 
 85          } 
 86     } 
 87    
 88     function adjustElement(id){ 
 89          el = document.getElementById(id).style; 
 90          el.padding = '1px 2px 2px 1px'; 
 91          el.fontSize = fontSize; 
 92     } 
 93    
 94      function adjustMargins(id){ 
 95          el = document.getElementById(id).style; 
 96          el.margin = '0px 20px 20px 0px'; 
 97      } 
 98           
 99      function displayDeviceDimensions(id){ 
100          el = document.getElementById(id); 
101          el.innerHTML = el.innerHTML + '<h3>Screen Dimensions</h3>Width: ' + 
102              screen.width + '<br>Height: ' + screen.height + "<br>innerWidth: " + 
103              innerWidth + "<br>innerHeight: " + innerHeight + 
104              "<h3>Image Dimensions</h3>Width: " +images[0].width + 
105              "<br>height: " + images[0].height; 
106      } 
107      /** 
108          320 pixels For small screen devices, like phones, held in portrait mode. 
109          480 pixels For small screen devices, like phones, held in landscape mode. 
110          600 pixels Smaller tablets, like the Amazon Kindle (600×800) and 
111          Barnes & Noble Nook (600×1024), held in portrait mode. 
112          768 pixels Ten-inch tablets like the iPad (768×1024) held in portrait mode. 
113          1024 pixels Tablets like the iPad (1024×768) held in landscape mode, as 
well 
114          as certain laptop, netbook, and desktop displays. 
115        */ 
116      function setFactorsMethod1(){ 
117           
118          if (window.screen.width < 321 & window.innerHeight < 645) { 
119              fontSize = '12pt'; sizeFactor = 0.50; 
120          } else if (screen.width < 321 & innerHeight < 1092) { 
121              fontSize = '22pt'; sizeFactor = 0.92; 
122          } else if (screen.width < 481) { 
123              fontSize = '22pt'; sizeFactor = 0.92; 
124          } else if (screen.width < 601) { 
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125              fontSize = '20pt'; sizeFactor = 0.85; 
126          } else if (screen.width < 769 & innerHeight < 645) { 
127              fontSize = '12pt'; sizeFactor = 0.50; 
128          } else if (screen.width < 769 & innerHeight < 1186) { 
129              fontSize = '16pt'; sizeFactor = 0.75; 
130          } else{ 
131              fontSize = '12pt'; sizeFactor = 0.50; 
132          } 
133      } 
134           
135      function setFactorsMethod2() { 
136          switch(GetBrowser()) 
137          { 
138              case('Android')  : fontSize = '24pt'; 
139                                sizeFactor = 1.00; break 
140              case('iPhone')   : fontSize = '22pt'; 
141                                sizeFactor = 0.92; break 
142              case('Kindle')   : fontSize = '20pt'; 
143                                sizeFactor = 0.85; break 
144              case('iPad')     : fontSize = '16pt'; 
145                                sizeFactor = 0.75; break 
146              default          : fontSize = '12pt'; 
147                                sizeFactor = 0.50; break 
148          } 
149      } 
150           
151      function checkOrientation(){ 
152   
153          if(window.innerHeight>window.innerWidth) 
154              return PORTRAIT; 
155          else 
156              return LANDSCAPE; 
157          } 
158  </script> 
159   
160  </body> 
161  </html> 
  
 
9.2 Listing 2 - listing2.htm 
   
  1  <!DOCTYPE HTML> 
  2  <html> 
  3  <!-- listing2.htm --> 
  4     <head> 
  5        <meta http-equiv="Content-Type" content="text/html; charset=utf-8"> 
  6        <meta name="viewport" content="width=device-width; initial-scale=1.0;"> 
  7        <link rel="apple-touch-startup-image" href="splashimage.png" /> 
  8        <title>Dynamic image sizing Listing 2</title> 
  9        <style type="text/css"> 
 10              /* Default setting for all device types ----------- */ 
 11              body { 
 12                  background-image:url(images/background.gif); 
 13                  background-repeat:repeat; 
 14              } 
 15              #content { 
 16                  background-color: #F6F4F0; 
 17                  margin-right: auto; 
 18                  margin-left: auto; 
 19                  padding:10px 20px 20px 10px; 
 20              } 
 21              #img_earth{ 
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 22                  margin:0px 20px 20px 0px; 
 23              } 
 24              img { 
 25                  width: 240px; 
 26                  height: 240px; 
 27              } 
 28              /* Settings for smart phones portrait ----------- */ 
 29             @media screen and (max-width: 320px) and (orientation: portrait){ 
 30                  body { 
 31                      background-image:none; 
 32                      background-color: #F6F4F0; 
 33                  } 
 34                  #content { 
 35                      padding:1px 2px 2px 1px; 
 36                      font-size:0.8em;     /* 12pt */ 
 37                  } 
 38                  #img_earth{ 
 39                      margin:0px 10px 10px 0px; 
 40                  } 
 41                  img { 
 42                      width:  120px; 
 43                      height: 120px; 
 44                  } 
 45              } 
 46              /* Settings for smart phones landscape ----------- */ 
 47              @media screen and (max-width: 480px) and (orientation: landscape){ 
 48                  body { 
 49                      background-image:none; 
 50                      background-color: #F6F4F0; 
 51                  } 
 52                  #content { 
 53                      padding:1px 2px 2px 1px; 
 54                      font-size:0.5em;     /* 12pt */ 
 55                  } 
 56                  #img_earth{ 
 57                      margin:0px 10px 10px 0px; 
 58                  } 
 59                  img { 
 60                      width:  160px; 
 61                      height: 160px; 
 62                  } 
 63              } 
 64              /* Settings for tablets portrait ----------- */ 
 65              @media screen and (min-width: 481px) and (max-width: 768px) and 
(orientation: portrait){ 
 66                  #content { 
 67                      padding:5px 10px 10px 5px; 
 68                      font-size:1em;     /* 12pt */ 
 69                      min-height: 928px; 
 70                  } 
 71                  img { 
 72                      width:  220px; 
 73                      height: 220px; 
 74                  } 
 75              } 
 76              /* Settings for tablets landascape and desktops ----------- */ 
 77              @media screen and (min-width: 769px) { 
 78                  #content { 
 79                      font-size:1em;     /* 12pt */ 
 80                      width: 80%; 
 81                      max-width: 960px; 
 82                      min-height: 670px; 
 83                  } 
 84              } 
 85           
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 86        </style> 
 87     </head> 
 88     <body> 
 89        <div id='content'> 
 90           <img id='img_earth' src='earth.gif' width='480' height='480' 
 91              align='left' alt="Earth"/> 
 92           <h3>The Earth</h3> 
 93           Earth (or the Earth) is the third planet from the Sun, and the 
 94           densest and fifth-largest of the eight planets in the Solar 
 95           System.<br /> 
 96           &nbsp;&nbsp;&nbsp;&nbsp;&nbsp;It is also the largest of the 
 97           Solar System's four terrestrial planets. It is sometimes 
 98           referred to as the World, the Blue Planet, or by its Latin 
 99           name, Terra.<br /> 
100        </div> 
101   
102  <script type="text/javascript"> 
103  //========================================================== 
104  // MAIN SECTION 
105  //========================================================== 
106          var PORTRAIT = 0; 
107          var LANDSCAPE = 1; 
108          var currOrientation; 
109          var int=window.setInterval(function(){updateLayout()},500); 
110           
111  //========================================================== 
112  // FUNCTIONS 
113  //========================================================== 
114    
115      function updateLayout() 
116        { 
117          if(currOrientation != checkOrientation()) { 
118              currOrientation = checkOrientation(); 
119              displayDeviceDimensions('content'); 
120              } 
121          } 
122           
123      function getWidth(id){ 
124          el = document.getElementById(id); 
125          return el.width; 
126      } 
127   
128      function getHeight(id){ 
129          el = document.getElementById(id); 
130          return el.height; 
131      } 
132      function displayDeviceDimensions(id){ 
133          el = document.getElementById(id); 
134          el.innerHTML = el.innerHTML + '<h3>Screen Dimensions</h3>Width........: ' + 
135              screen.width + ', Height........: ' + screen.height + "<br>innerWidth: 
" + 
136              innerWidth + ", innerHeight: " + innerHeight + 
137              "<h3>Image Dimensions</h3>Width: " + getWidth('img_earth') + 
138              ", height: " + getHeight('img_earth'); 
139      } 
140           
141      function checkOrientation(){ 
142          if(window.innerHeight>window.innerWidth) 
143              return PORTRAIT; 
144          else 
145              return LANDSCAPE; 
146      } 
147  </script> 
148   
149  </body> 
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150  </html> 
  
 
9.3 Listing 3 – listing3.htm 
 
 
  1  <!DOCTYPE HTML> 
  2  <html> 
  3  <!-- listing3.htm --> 
  4    <head> 
  5        <meta http-equiv="Content-Type" content="text/html; charset=utf-8"> 
  6        <meta name="viewport" content="width=device-width; initial-scale=1.0;"> 
  7        <link rel="apple-touch-startup-image" href="splashimage.png" /> 
  8        <link rel="stylesheet" href="css/myreset.css" type="text/css" /> 
  9        <link rel="stylesheet" href="css/base-style.css" type="text/css" /> 
 10        <title>Dynamic image sizing Listing 3</title> 
 11    </head> 
 12    <body> 
 13      <div id='page'> 
 14      <div id='header' class='row'> 
 15      </div> 
 16         <div id='contentwrapper' class='row'> 
 17            <div id='left-content' class='float-left'> 
 18               <div class='leftmenu half-em-padded' > 
 19                 <h4>FURTHER STEPS</h4> 
 20                    <ul class='leftmenu' > 
 21                    <li><a href="http://en.wikipedia.org/wiki/Sun">The Sun</a></li> 
 22                    <li><a 
href="http://en.wikipedia.org/wiki/Mercury">Mercury</a></li> 
 23                    <li><a href="http://en.wikipedia.org/wiki/Venus">Venus</a></li> 
 24                    <li><a href="http://en.wikipedia.org/wiki/Mars">Mars</a></li> 
 25                    <li><a href="http://en.wikipedia.org/wiki/Earth">Earth</a></li> 
 26                    <li><a 
href="http://en.wikipedia.org/wiki/Jupiter">Jupiter</a></li> 
 27                    <li><a href="http://en.wikipedia.org/wiki/Saturn">Saturn</a></li> 
 28                    <li><a href="http://en.wikipedia.org/wiki/Uranus">Uranus</a></li> 
 29                       <li><a 
href="http://en.wikipedia.org/wiki/Neptune">Neptune</a></li> 
 30                    </ul> 
 31                </div> <!--  end of left menu --> 
 32              </div> <!--  end of left content --> 
 33              <div id='right-content' class="float-right row"> 
 34                 <div class='row'> 
 35                   <div class="story one-em-padded "> 
 36                     <div class='storyfigure float-left'> 
 37                        <div class="zombie half-em-padded"> 
 38                          <img src='images/saturn.jpg' alt='Staturn'/> 
 39                        </div> 
 40                     </div> 
 41                     <h3>Saturn</h3> 
 42                     <p>Saturn is the sixth planet from the Sun and 
 43                     the second largest planet in the Solar System, 
 44                     after Jupiter. Named after the Roman god of 
 45                     agriculture, Saturn, its astronomical symbol 
 46                     (♄) represents the god's sickle. Saturn is a 
 47                     gas giant with an average radius about nine 
 48                     times that of Earth. While only one-eighth 
 49                     the average density of Earth, with its larger 
 50                     volume Saturn is just over 95 times more massive 
 51                     than Earth.... 
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 52                     <a href="http://en.wikipedia.org/wiki/Saturn">Wiki</a> 
 53                     </p> 
 54                  </div> <!--  end of story --> 
 55               </div> <!--  end of row --> 
 56               <div class="row"> 
 57                  <div class="story one-em-padded"> 
 58                      <div  class="storyfigure float-left"> 
 59                         <div class="zombie half-em-padded"> 
 60                            <img id='img_earth' src='images/The_Earth.jpg' 
 61                             alt='The Earth'  /> 
 62                         </div> 
 63                      </div> 
 64                      <h3>The Earth</h3> 
 65                      <p>Earth is the third planet from the Sun, 
 66                      and the densest and fifth-largest of the eight 
 67                      planets in the Solar System. It is also the 
 68                      largest of the Solar System's four terrestrial 
 69                      planets. It is sometimes referred to as 
 70                      the world or the Blue Planet.</p> 
 71                      <p>The planet is home to millions of species 
 72                      of life, including humans.Both the mineral 
 73                      resources of the planet and the products of 
 74                      the biosphere contribute resources that are 
 75                      used to support a global human population. 
 76                      <a href="http://en.wikipedia.org/wiki/Earth">Wiki</a></p> 
 77                  </div>  <!--  end of story --> 
 78               </div>  <!--  end of row --> 
 79              <div class="row"> 
 80                 <div class="story one-em-padded"> 
 81                    <div  class="storyfigure float-left"> 
 82                       <div class="zombie half-em-padded"> 
 83                          <img src='images/moon.jpg' alt='The Moon'/> 
 84                       </div> 
 85                    </div> 
 86                    <h3>The Moon</h3> 
 87                    <p>The Moon is the only natural satellite of 
 88                    the Earth, and the fifth largest satellite in 
 89                    the Solar System. It is the largest natural 
 90                    satellite of a planet in the Solar System 
 91                    relative to the size of its primary,having 
 92                    27% the diameter and 60% the density of Earth, 
 93                    resulting in 1⁄81 its mass. The Moon is the 
 94                    second densest satellite after Io, a satellite 
 95                    of Jupiter. 
 96                   <a href="http://en.wikipedia.org/wiki/Moon">Wiki</a> 
 97                   </p> 
 98                 </div> <!--  end of story --> 
 99              </div>  <!--  end of row --> 
100           </div>  <!--  end of right content --> 
101          </div> <!--  end of content-wrapper --> 
102          <div id='footer' class='row'> 
103            <h3>THIS IS A FOOTER</h3> 
104          </div> <!--  end of footer --> 
105        </div> <!--  end of page --> 
106  <script type="text/javascript" src="js/function.library.js"  ></script> 
107  </body> 
108  </html> 
 
 
9.4 Listing 4 – myreset.css 
 
 1  /* 
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 2  html5doctor.com Reset Stylesheet v1.6.1 
 3  Last Updated: 2010-09-17 
 4  Modified 2013-05-15 Jens E Lassen 
 5  Author: Richard Clark - http://richclarkdesign.com 
 6  source:http://html5doctor.com/html-5-reset-stylesheet/ 
 7  */ 
 8  html, body, div, span, p, blockquote, pre, 
 9  h1,h2,h3,h4,h5, 
10  abbr, address, cite, code, 
11  del, dfn, em, img, ins, kbd, q, samp, 
12  small, strong, sub, sup, var, 
13  b, i, 
14  dl, dt, dd, ol, ul, li, 
15  fieldset, form, label, legend, 
16  table, caption, tbody, tfoot, thead, tr, th, td, 
17  article, aside, canvas, details, figcaption, figure, 
18  footer, header, hgroup, menu, nav, section, summary, 
19  time, mark, audio, video { 
20      margin:0; 
21      padding:0; 
22      border:0; 
23      outline:0; 
24      font-size:100%; 
25      vertical-align:baseline; 
26      background:transparent; 
27  } 
28  body { 
29      line-height:1; 
30  } 
31  article,aside,details,figcaption,figure, 
32  footer,header,hgroup,menu,nav,section { 
33      display:block; 
34  } 
35  nav ul { 
36      list-style:none; 
37  } 
38  blockquote, q { 
39      quotes:none; 
40  } 
41  blockquote:before, blockquote:after, 
42  q:before, q:after { 
43      content:''; 
44      content:none; 
45  } 
46  a { 
47      margin:0; 
48      padding:0; 
49      font-size:100%; 
50      vertical-align:baseline; 
51      background:transparent; 
52  } 
53  /* change colours to suit your needs */ 
54  ins { 
55      background-color:#ff9; 
56      color:#000; 
57      text-decoration:none; 
58  } 
59  /* change colours to suit your needs */ 
60  mark { 
61      background-color:#ff9; 
62      color:#000; 
63      font-style:italic; 
64      font-weight:bold; 
65  } 
66  del { 
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67      text-decoration: line-through; 
68  } 
69  abbr[title], dfn[title] { 
70      border-bottom:1px dotted; 
71      cursor:help; 
72  } 
73  table { 
74      border-collapse:collapse; 
75      border-spacing:0; 
76  } 
77  /* change border colour to suit your needs */ 
78  hr { 
79      display:block; 
80      height:1px; 
81      border:0; 
82      border-top:1px solid #cccccc; 
83      margin:1em 0; 
84      padding:0; 
85  } 
86  input, select { 
87      vertical-align:middle; 
88  } 
 
 
9.5 Listing 5 – base-style.css 
 
  
  1  body           { background-image: url("../images/background.gif"); 
  2                 background-repeat: repeat;} 
  3  #page          { width: 80%; max-width: 960px; min-height: 643px; 
  4                  background-color: #F6F4F0; margin-right: auto; 
  5                  margin-left: auto; font-family: Verdana, Helvetica, sans-serif;} 
  6  h1             { font-size: 2em; margin: .25em 0 } 
  7  h2             { font-size: 1.5em; margin: .25em 0 } 
  8  h3             { font-size: 1.17em; margin: .25em 0 } 
  9  h4             { font-size: 1em; margin: 1.12em 0 } 
 10  h5             { font-size: .83em; margin: .25em 0 } 
 11  h6             { font-size: .75em; margin: .25em 0 } 
 12  h1, h2, h3, h4, 
 13  h5, h6, b, 
 14  strong         { font-weight: bolder } 
 15  p              {line-height:1.5em;} 
 16  a:link         {text-decoration:none;} 
 17  /* ----------------------------------------------------------------------------* 
 18   *    MAIN content 
 19   * ----------------------------------------------------------------------------*/ 
 20  #header        { background-image: url("../images/logo-large.jpg"); height:94px; } 
 21  #left-content  { width:25%; min-height:493px;/*643 - 56 - 94 = */ font-size:1em;} 
 22  .leftmenu  ul li {  background-color: #DDBCA6; border: 1px solid #FF6600; 
 23                 display: block; font-weight: normal; margin-bottom: 0; 
 24                 margin-top: 3px; padding: 6px 3px 6px 8px; text-align: left;} 
 25  #right-content { width:75%; font-size:1em;} 
 26  .zombie  img   { height:auto; width:100%;} 
 27  /* ----------------------------------------------------------------------------* 
 28  /*              .story styles 
 29  /* ----------------------------------------------------------------------------*/ 
 30  .story         { clear: both; font-size: 0.85em;}/* width:75%;} */ 
 31  .story h3      { color:#006699 } 
 32  .story p       { padding: 0px 0px 10px 0px; 
 33                  font-family: Verdana, Helvetica, sans-serif;font-size:0.80em;} 
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 34  .storyfigure   { width: 25%; } 
 35  .storywidth    { width: 100%; } 
 36  /* ----------------------------------------------------------------------------* 
 37   *    FOOTER 
 38   * ----------------------------------------------------------------------------*/ 
 39  #footer        { width:100%;border-top:1px solid #CCCCCC; text-align:center;} 
 40  #footer p      { padding:10px; margin:0;} 
 41  /* ----------------------------------------------------------------------------* 
 42   *    row layout styles. all columns are placed within rows. 
 43   *    clear: both command makes sure that all enclosing div tages expand with 
 44   *    the height of enclosed div containers. 
 45   *    concept from "Bulletproof Web Design", by Dan Cederholm, New Riders, 2012 
 46   * --------------------------------------------------------------------------------
*/ 
 47  .row           { width: 100%; *zoom: 1; } 
 48  .row:before, 
 49  .row:after     { display: table; content: ""; line-height: 0; } 
 50  .row:after     { clear: both; } 
 51  /* --------------------------------------------------------------------------------
* 
 52   *    column layout styles.  all in percentages. 
 53   * --------------------------------------------------------------------------------
*/ 
 54  .clear-both    { clear:both;} 
 55  .one-hundred   { width: 100%; } 
 56  .one-half      { width: 50%; } 
 57  .one-third     { width: 33.33333333%; } 
 58  .two-thirds    { width: 66.666666667%; } 
 59  .one-forth     { width: 25%; } 
 60  .three-forths  { width: 75%; } 
 61  .one-fifth     { width: 20%; } 
 62  .two-fifths    { width: 40%; } 
 63  .three-fifths  { width: 60%; } 
 64  .four-fifths   { width: 80%; } 
 65  .one-six       { width: 16.666666667%; } 
 66  .five-six      { width: 83.333333333%; } 
 67  .one-seventh   { width: 14.285714280%; } 
 68  .one-eighth    { width: 12.5%; } 
 69  .three-eighth  { width: 37.5%; } 
 70  .five-eighth   { width: 62.5%; } 
 71  .seven-eighth  { width: 87.5%; } 
 72  .one-nineth    { width: 11.111111111%; } 
 73  .one-tenth     { width: 10%; } 
 74  .one-eleventh  { width: 9.0909090909%; } 
 75  .one-twelth    { width: 8.33333333333%; } 
 76  .three-twelth  { width: 25%; } 
 77  .five-twelth   { width: 41.6666666667%; } 
 78  .seven-twelth  { width: 58.3333333333%; } 
 79  .nine-twelth   { width: 75%; } 
 80  .eleven-twelth { width: 91.66666666667%; } 
 81   
 82  .float-right   { float:right;} 
 83  .float-left    { float:left;} 
 84   
 85  .one-em-padded  { padding:1em;} 
 86  .half-em-padded { padding:0.5em;} 
 87  .quart-em-padded{ padding:0.25em;} 
 88   
 89  .centered-text  { text-align:center;} 
 90  /* Settings for smart phones portrait ----------- */ 
 91  @media screen and (max-width: 320px) and (orientation: portrait){ 
 92     body { background-image:none; background-color: #F6F4F0;} 
 93     #page        { width: 100%;  min-height:928px; } 
 94     #header      { height: 55px;} 
 95     #left-content { width:30%; height:790px; 
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 96                /*968 - 56 - 94 = */ font-size:0.80em; } 
 97     .leftmenu h4 {font-size:0.8em;} 
 98     .leftmenu  ul li { padding: 3px 2px 3px 4px;} 
 99     #right-content { width:70%; } 
100     .story p     { padding: 0px 0px 5px 0px; font-size:0.6em;} 
101     .storyfigure { width: 40%; } 
102  } 
103  /* Settings for smart phones landscape ----------- */ 
104  @media screen and (max-width: 480px) and (orientation: landscape){ 
105      body        { background-image:none; background-color: #F6F4F0;     } 
106      #page       { width: 100%; max-width: 960px; min-height:928px; } 
107      #header     { height: 45px;} 
108      #left-content { width:25%; height:790px; 
109                  /*968 - 56 - 94 = */ font-size:0.75em; } 
110      .leftmenu h4{font-size:0.9em;} 
111      .leftmenu  ul li { padding: 3px 2px 3px 4px;} 
112      .story p    { padding: 0px 0px 10px 0px; font-size:0.45em; line-height:1em;} 
113      .storyfigure{ width: 33%; } 
114  } 
115  /* Settings for tablets portrait ----------- */ 
116  @media screen and (min-width: 481px) and (max-width: 768px) and (orientation: 
portrait){ 
117      #page       { width: 96%; max-width: 960px; min-height:928px; } 
118  } 
 
 
9.6 Listing 6 – function.library.js 
 
 1  //========================================================== 
 2  // MAIN SECTION 
 3  //========================================================== 
 4      var PORTRAIT = 0; 
 5      var LANDSCAPE = 1; 
 6      var currOrientation; 
 7      var int=window.setInterval(function(){updateLayout()},500); 
 8           
 9  //========================================================== 
10  // FUNCTIONS 
11  //========================================================== 
12    
13      function updateLayout() 
14      { 
15         if(currOrientation != checkOrientation()) { 
16              currOrientation = checkOrientation(); 
17              displayDeviceDimensions('left-content'); 
18          } 
19      } 
20    
21      function getWidth(id){ 
22          var el = document.getElementById(id); 
23          return el.width; 
24      } 
25      function getHeight(id){ 
26          var el = document.getElementById(id); 
27          return el.height; 
28      } 
29      function displayDeviceDimensions(id){ 
30          el = document.getElementById(id); 
31          el.innerHTML = el.innerHTML +  '<div class="story half-em-padded">' 
32            +  '<h3>Screen Dimensions</h3><p>Width........: ' + 
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33          screen.width + ', Height........: ' + screen.height + "<br>innerWidth: " + 
34          innerWidth + ", innerHeight: " + innerHeight + '</p>' + 
35          "<h3>Image Dimensions Earth</h3><p>Width: " + getWidth('img_earth') + 
36          ", height: " + getHeight('img_earth') +'</p></div>'; 
37      } 
38           
39      function checkOrientation(){ 
40          if(window.innerHeight>window.innerWidth) 
41              return PORTRAIT; 
42          else 
43          return LANDSCAPE; 
44      } 
 
 
9.7 Listing 7 – listing7.htm 
 
  1  <!DOCTYPE HTML> 
  2  <html> 
  3  <head> 
  4       <meta http-equiv="Content-Type" content="text/html; charset=utf-8"/> 
  5       <meta name="viewport" content="width=device-width, initial-scale=1.0,  
               maximum-  scale=1.0, user-scalable=0" /> 
  6       <link rel="stylesheet" href="css/myreset.css" type="text/css" /> 
  7       <link rel="stylesheet" href="css/final-base-style.css" type="text/css" /> 
  8       <script type="text/javascript" src="js/jquery-1.9.1.js"></script> 
  9       <title>Kontanthjælp - listing7.htm</title> 
 10  </head> 
 11    <body> 
 12     <div id='page'> 
 13     <div id="inner-page"> 
 14     <div id='header' class='row '> 
 15           <div class="zombie one-forth offset-one-twelfth"> 
 16                <img src="images/RMlogo.jpg" alt="RMlogo"/></div> 
 17      </div> <!-- end of header --> 
 18     <div id='content-wrapper' class='row'> 
 19     <div id='left-content' class='float-left'> 
 20                 <div class='leftmenu half-em-padded' > 
 21                 <h4>These are the steps to complete:</h4> 
 22                    <ul> 
 23              <!-- the steps are added by function.library2.js --> 
 24                    </ul> 
 25                </div> <!--  end of left menu --> 
 26     </div>   <!-- end of left-content --> 
 27     <div id='right-content' class='float-right row'> 
 28      <form name="myform"> 
 29        <h2> Ansøgning om Kontanthjælp</h2> 
 30        <h3>you are here: <span class="orange-white quart-em-padded" 
 31                    id="yourlocation"></span></h3> 
 32        <!--  Navigation Buttons - previous and Next --> 
 33        <div class="horizontal-nav"> 
 34          <div class="float-left"> 
 35             <button type="button" class="navigationButton backButton" 
 36               onclick="prevFormPage();">Previous</button></div> 
 37          <div class="float-right"> 
 38             <button type="button" class="navigationButton continueButton" 
 39              onclick="nextFormPage();">Next</button></div> 
 40        </div> <!-- end navigation buttons --> 
 41        <!-- START OF FIRST FORM PAGE SECTION --> 
 42        <div class="formpage" id="formpage1"> 
 43          <div class="hidden">Personlige Oplysninger</div> 
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 44          <fieldset title="trin 1" class="step"> 
 45            <legend>Opysninger om mig</legend> 
 46            <div class="one-em-padded"> 
 47              <div class="row"><label for="cpr" >CPRnr:</label></div> 
 48              <div class="row"> 
 49              <input type="text" name="cpr" id="cpr" class="medium-field"/></div> 
 50              <div class="row"><label for="fornavn">Fornavn:</label></div> 
 51              <div class="row"> 
 52              <input type="text" name="fornavn" id="fornavn" class="long-field"/> 
 53              </div> 
 54              <div class="row"><label for="efternavn" >Efternavn:</label></div> 
 55              <div class="row"> 
 56              <input type="text" name="efternavn" id="efternavn" 
 57              class="long-field"/> 
 58              </div> 
 59              <div class="row"><label for="adresse">Adresse:</label></div> 
 60              <div class="row"> 
 61              <input type="text" name="adresse" id="adresse" class="long-field"/> 
 62              </div> 
 63              <div class="row"><label for="postnr">Postnr </label></div> 
 64              <div class="row"> 
 65              <input type="text" name="postnr" id="postnr" class="short-field" /> 
 66              </div> 
 67              <div class="row"><label for="by">By</label></div> 
 68              <div class="row"> 
 69              <input type="text" name="by" id="by" class="long-field"/> 
 70              </div> 
 71              <div class="row"><label for="telefon">Telefon</label></div> 
 72              <div class="row"> 
 73              <input type="text" name="telefon" id="telefon" 
 74              class="medium-field"/></div> 
 75              <div class="row"><label for="email">Email</label></div> 
 76              <div class="row"> 
 77              <input type="text" name="email" id="email" class="long-field"/> 
 78                </div> 
 79            </div> <!-- end of input form fields  --> 
 80         </fieldset> 
 81    
 82         <fieldset title="trin 11" class="step"> 
 83          <legend>Oplysninger om min evt. partner</legend> 
 84           <div class="one-em-padded"> 
 85             <div class="row quart-em-padded">Civilstand *</div> 
 86             <div class="row quart-em-padded"><div class="float-left"> 
 87             <input type="radio" name="civilstand" id="civilstand1" value="1"/> 
 88             </div> 
 89             <div class="float-left"><label for="civilstand1">Enlig/samlevende 
 90             </label> 
 91             </div></div> 
 92    
 93             <div class="row quart-em-padded"><div class="float-left"> 
 94             <input type="radio" name="civilstand" id="civilstand2" value="2"/> 
 95             </div> 
 96             <div class="float-left"><label for="civilstand2"> 
 97             Gift/registreret partnerskab</label> 
 98             </div></div> 
 99    
100             <div class="row quart-em-padded"><div class="float-left"> 
101             <input type="radio" name="civilstand" id="civilstand3" value="1"/> 
102             </div> 
103             <div class="float-left"><label for="civilstand3">Separeret</label> 
104             </div></div> 
105    
106             <div class="row quart-em-padded"><div class="float-left"> 
107             <input type="radio" name="civilstand" id="civilstand4" value="2"/> 
108             </div> 
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109             <div class="float-left"><label for="civilstand4">Fraskilt</label> 
110           </div></div> 
111          </div> <!-- end of civil stand form fields --> 
112        </fieldset> 
113      </div> <!-- end of first formpage --> 
114      <!-- START OF SECOND FORM PAGE SECTION --> 
115      <div class="formpage" id="formpage2"> 
116      <div class="hidden">Afklaring af min situation</div> 
117        <fieldset title="trin 2" class="step"> 
118          <legend>Afklaring af min situation</legend> 
119          <div class="one-em-padded"> 
120           <div class="row quart-em-padded"> 
121           Jeg har henvendt mig personligt på jobcenteret  *</div> 
122    
123           <div class="row quart-em-padded"><div class="float-left"> 
124             <input type="radio" name="henvendelse" id="henvendelse1" value="1"/> 
125           </div> 
126           <div class="float-left"><label for="henvendelse1">Ja</label></div> 
127           </div> 
128    
129           <div class="row quart-em-padded"><div class="float-left"> 
130             <input type="radio" name="henvendelse" id="henvendelse2" value="2"/> 
131           </div> 
132           <div class="float-left"><label for="henvendelse2">Nej</label></div> 
133           </div> 
134          </div> 
135         </fieldset> 
136         <fieldset title="trin 3" class="step"> 
137           <legend>Alder m.v.</legend> 
138           <div class="one-em-padded"> 
139            <div class="row  quart-em-padded">Jeg er *</div> 
140    
141            <div class="row  quart-em-padded"><div class="float-left"> 
142              <input type="radio" name="overunder" id="overunder1" value="1"/> 
143              </div> 
144              <div class="float-left"> 
145               <label for="overunder1">over 25 år gammel</label></div></div> 
146    
147              <div class="row  quart-em-padded"><div class="float-left"> 
148              <input type="radio" name="overunder" id="overunder2" value="2"/> 
149              </div> 
150              <div class="float-left"> 
151              <label for="overunder2">under 25 år gammel</label></div></div> 
152          </div> 
153      </fieldset> 
154      </div> <!-- end of formpage 2 --> 
155      <!-- START OF THIRD FORM PAGE SECTION --> 
156      <div class="formpage" id="formpage3"> 
157       <div class="hidden">Uddannelse/A-kasse </div> 
158        <fieldset title="trin 4" class="step"> 
159          <legend>Uddannelse</legend> 
160           <div class="one-em-padded"> 
161           <div class="row quart-em-padded"> 
162             Jeg er i gang med en uddannelse *</div> 
163    
164             <div class="row quart-em-padded"><div class="float-left"> 
165             <input type="radio" name="uddannelse" id="uddannelse1" value="1"/> 
166             </div> <div class="float-left"> 
167             <label for="uddannelse1">Ja</label></div></div> 
168    
169             <div class="row quart-em-padded"><div class="float-left"> 
170             <input type="radio" name="uddannelse" id="uddannelse2" value="2"/> 
171             </div><div class="float-left"> 
172             <label for="uddannelse2">Nej</label></div></div> 
173         </div> 
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174        </fieldset> 
175       </div> <!-- end of formpage 3 --> 
176       <!-- START OF FORTH FORM PAGE SECTION --> 
177       <div class="formpage" id="formpage4"> 
178        <div class="hidden">Årsag til ansøgning </div> 
179         <fieldset title="trin 3" class="step"> 
180         <legend>Oplysninger om A-kasse</legend> 
181           <div class="one-em-padded"> 
182            <div class="row quart-em-padded">Jeg er medlem af en A-kasse *</div> 
183    
184            <div class="row quart-em-padded"><div class="float-left"> 
185            <input type="radio" name="akasse" id="akasse1" value="1"/></div> 
186            <div class="float-left"><label for="akasse1">Ja</label></div></div> 
187    
188            <div class="row quart-em-padded"><div class="float-left"> 
189            <input type="radio" name="akasse" id="akasse2" value="2"/></div> 
190            <div class="float-left"><label for="akasse2">nej</label></div></div> 
191        </div> 
192       </fieldset> 
193    
194       <fieldset title="trin 3" class="step"> 
195         <legend>Oplysninger om hvorfor jeg ikke er i arbejde</legend> 
196          <div class="two-em-padded"> 
197          <div class="row quart-em-padded">Årsag til arbejdsløshed *</div> 
198    
199          <div class="row quart-em-padded"><div class="float-left"> 
200          <input type="radio" name="hvorforarbejdslos" id="hvorforarbejdslos1" 
201          value="1" /></div><div class="float-left"> 
202          <label for="hvorforarbejdslos1">Jeg har selv sagt mit job op</label> 
203          </div></div> 
204    
205          <div class="row quart-em-padded"><div class="float-left"> 
206          <input type="radio" name="hvorforarbejdslos" id="hvorforarbejdslos2" 
207          value="2" /></div><div class="float-left"> 
208          <label for="hvorforarbejdslos2">Jeg er blevet opsagt af min 
209          arbejdsplads</label></div></div> 
210    
211          <div class="row quart-em-padded"><div class="float-left"> 
212          <input type="radio" name="hvorforarbejdslos" id="hvorforarbejdslos3" 
213          value="3" /></div><div class="float-left"> 
214          <label for="hvorforarbejdslos3">Jeg har afsluttet mit studie 
215          </label></div></div> 
216    
217          <div class="row quart-em-padded"><div class="float-left"> 
218          <input type="radio" name="hvorforarbejdslos" id="hvorforarbejdslos4" 
219          value="4" /></div><div class="float-left"> 
220          <label for="hvorforarbejdslos4">Jeg har haft en midlertidig 
221          ansættelse (medsend kontrakt/jobaftale)</label></div></div> 
222    
223          <div class="row quart-em-padded"><div class="float-left"> 
224          <input type="radio" name="hvorforarbejdslos" id="hvorforarbejdslos5" 
225          value="5" /></div><div class="float-left"> 
226          <label for="hvorforarbejdslos5">Jeg har ikke længere ret til 
227          sygedagpenge</label></div></div> 
228          </div> 
229         </fieldset> 
230        </div> <!-- end of formpage 4 --> 
231      <!-- START OF FIFTH FORM PAGE SECTION --> 
232      <div class="formpage" id="formpage5"> 
233      <div class="hidden">Adresseforhold </div> 
234       <fieldset title="trin 3" class="step"> 
235          <legend>Adresseforhold</legend> 
236           <div class="two-em-padded"> 
237            <div class="row quart-em-padded"> 
238              Bor der øvrige, voksne personer på adressen *</div> 
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239    
240            <div class="row quart-em-padded"><div class="float-left"> 
241            <input type="radio" name="andrevoksne" id="andrevoksne1" 
242            value="1" /></div><div class="float-left"> 
243            <label for="andrevoksne1">Ja</label></div></div> 
244    
245            <div class="row quart-em-padded"><div class="float-left"> 
246            <input type="radio" name="andrevoksne" id="andrevoksne2" 
247            value="2"/></div><div class="float-left"> 
248            <label for="andrevoksne2">Nej</label></div></div> 
249    
250          </div> 
251         </fieldset> 
252         </div> <!-- end of formpage 5 --> 
253          <!-- START OF SIXTH FORM PAGE SECTION --> 
254         <div class="formpage" id="formpage6"> 
255          <div class="hidden">Børn</div> 
256          <fieldset title="trin 3" class="step"> 
257           <legend>oplysninger om børn</legend> 
258            <div class="two-em-padded"> 
259            <div class="row quart-em-padded"> Jeg har børn under 18 år *</div> 
260    
261            <div class="row quart-em-padded"><div class="float-left"> 
262            <input type="radio" name="boern" id="boern1" value="1"/> 
263            </div><div class="float-left"><label for="boern1"> Ja</label> 
264            </div></div> 
265    
266            <div class="row quart-em-padded"><div class="float-left"> 
267            <input type="radio" name="boern" id="boern2" value="2"/> 
268            </div><div class="float-left"><label for="boern2"> Nej 
269            </label></div></div> 
270          </div> 
271         </fieldset> 
272       </div> <!-- end of formpage 6 --> 
273       <!-- START OF SEVENTH FORM PAGE SECTION --> 
274       <div class="formpage" id="formpage7"> 
275        <div class="hidden">Boligforhold</div> 
276         <fieldset title="trin 3" class="step"> 
277           <legend>Boligforhold</legend> 
278           <div class="two-em-padded"> 
279            <div class="row">Bor der øvrige, voksne personer på adressen *</div> 
280    
281            <div class="row quart-em-padded"><div class="float-left"> 
282            <input type="radio" name="boligoplysninger" id="boligoplysninger1" 
283            value="1"/></div><div class="float-left"> 
284            <label for="boligoplysninger1"> Lejer</label></div></div> 
285    
286            <div class="row quart-em-padded"><div class="float-left"> 
287            <input type="radio" name="boligoplysninger" id="boligoplysninger2" 
288            value="2"/></div><div class="float-left"> 
289            <label for="boligoplysninger2"> Ejer</label></div></div> 
290    
291            <div class="row quart-em-padded"><div class="float-left"> 
292            <input type="radio" name="boligoplysninger" id="boligoplysninger3" 
293            value="3"/></div><div class="float-left"> 
294            <label for="boligoplysninger3"> Andel</label></div></div> 
295    
296            <div class="row quart-em-padded"><div class="float-left"> 
297            <input type="radio" name="boligoplysninger" id="boligoplysninger4" 
298            value="4"/></div><div class="float-left"> 
299            <label for="boligoplysninger4"> Andet</label></div></div> 
300           </div> 
301    
302           <div class="two-em-padded"> 
303            <div class="row">Jeg har øvrige udgifter *</div> 
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304    
305            <div class="row quart-em-padded"><div class="float-left"> 
306            <input type="radio" name="ovrigeudg" id="ovrigeudg1" value="1"/> 
307            </div><div class="float-left"> 
308            <label for="ovrigeudg1">Ja</label></div></div> 
309    
310            <div class="row quart-em-padded"><div class="float-left"> 
311            <input type="radio" name="ovrigeudg" id="ovrigeudg2" value="2"/> 
312            </div><div class="float-left"> 
313            <label for="ovrigeudg2">Nej</label></div></div> 
314           </div> 
315    
316         </fieldset> 
317        </div> <!-- end of formpage 7 --> 
318         <!-- START OF LOWER NAVIGATIONAL BUTTONS SECTION --> 
319            <div class=" horizontal-nav"> 
320             <div class="float-left"> 
321               <button type="button" class="navigationButton backButton" 
322                 onclick="prevFormPage();"> Previous</button></div> 
323             <div class="float-right"> 
324             <button type="button" class="navigationButton backButton" 
325                  onclick="nextFormPage();"> Next </button></div> 
326            </div> <!-- end of navigational buttons--> 
327      </form> 
328      </div> <!-- end of right-content--> 
329      </div> <!-- end of content-wrapper --> 
330       <span> 
331             <a href="http://jigsaw.w3.org/css-validator/check/referer"> 
332             <img style="border:0;width:4em;height:1.42em" 
333             src="http://jigsaw.w3.org/css-validator/images/vcss-blue" 
334             alt="Valid CSS!" /> 
335             </a> 
336        </span> 
337      <div id='footer' CLASS='row'> 
338        <p>Resultmaker .:. Innovative People .:. Decisive Technology </p> 
339      </div>  <!-- end of footer --> 
340     </div> <!-- end of inner-page --> 
341    </div>  <!-- end of page--> 
342    
343    <script type="text/javascript" src="js/final.function.library.js"  ></script> 
344   
345    </body> 
346  </html> 
 
9.7 Listing 8 – final-base-style.css 
 
  1  body           {} 
  2  #page          { width: 80%; max-width: 960px; min-height: 643px; 
  3                  background-color: #FFFFFF; margin-right: auto; 
  4                  margin-left: auto; font-family: 
  5                  Verdana, Helvetica, sans-serif;} 
  6  h1             { font-size: 2em; margin: 1em 0 } 
  7  h2             { font-size: 1.5em; margin: 0.9em 0 } 
  8  h3             { font-size: 1.17em; margin: 0.8em 0 } 
  9  h4             { font-size: 1em; margin: 0.7em 0 } 
 10  h5             { font-size: .83em; margin: 0.6em 0 } 
 11  h6             { font-size: .75em; margin: 0.5em 0 } 
 12  h1, h2, h3, h4, 
 13  h5, h6, b, 
 14  strong         { font-weight: bolder } 
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 15  p              {line-height:1.5em;} 
 16  a:link         {text-decoration:none;} 
 17  .hidden        {display:none;} 
 18  /* ----------------------------------------------------------------------------* 
 19   *    MAIN content 
 20   * ----------------------------------------------------------------------------*/ 
 21  #header        { background-image: url("../images/ResultmakerPattern3.png"); 
 22                   height:155px;} 
 23  #header div    { padding: 3em 0em 0em 0em;} 
 24  #inner-page    { border-left: 1px solid #CCCCCC; border-right: 1px solid #CCCCCC;} 
 25  #left-content  { width:19%; height:100%; /*min-height:493px*/ font-size:1em; 
 26                   margin:0.05%;} 
 27  .orange-white  { background-color: #FF6600; color: #FFFFFF; border-radius:3px;} 
 28  .leftmenu ul li{list-style-type: none;} 
 29  .leftmenu  span{  background-color: #DDBCA6; border: 1px solid #FF6600; 
 30                 display: block; font-weight: normal; margin-bottom: 0; 
 31                 font-size:0.625em;margin-top: 3px; padding: 6px 3px 6px 8px; 
 32                 text-align: left;} 
 33  .leftmenu  img {display: block; margin: 0 auto;} 
 34  .leftmenu h4   {font-size:0.7em;} 
 35  .selected      {background-color: #FF6600; color: #FFFFFF;} 
 36  #right-content { width:79%; font-size:1em; height:100%; margin:0.05%; } 
 37  #right-content h2 {font-size:0.8em;} 
 38  #right-content h3 {font-size:0.7em;} 
 39  .zombie  img   { height:auto; width:100%;} 
 40  .step label    {color: #444444; display: block; font: bold 10px verdana; 
 41                  margin: 0 0 0 7px; vertical-align: middle;} 
 42  .step legend   { color: #4080BF; font: bold 1.1em verdana; padding: 0 2px 3px; 
 43                  border-radius:3px;} 
 44  .step          { border: 1px solid #DDDDDD; border-radius: 3px 3px 3px 3px; 
 45                   clear: left; font: 10px verdana;  width: 100%;} 
 46  .navigationButton { padding: 1px 0.5em 2px; 
 47                  background-color:#FF6600; color:#FFFFFF;} 
 48  .continueButton{text-align: right;} 
 49  .backButton    {text-align: left; } 
 50  .horizontal-nav{width:75%;} 
 51  /* ----------------------------------------------------------------------------* 
 52  /*              .formpage styles 
 53  /* ----------------------------------------------------------------------------*/ 
 54  .formpage      { clear: both; font-size: 0.85em; width:75%; min-height:100%;} 
 55  .formpage h3   { color:#006699 } 
 56  .formpage p    { padding: 0px 0px 10px 0px; 
 57                  font-family: Verdana, Helvetica, sans-serif;font-size:0.80em;} 
 58  .long-field    { width:50%; } 
 59  .short-field   { width:16.7%; } 
 60  .medium-field  { width:25%; } 
 61  /* ----------------------------------------------------------------------------* 
 62   *    FOOTER 
 63   * ----------------------------------------------------------------------------*/ 
 64  #footer        { width:100%;  text-align:left; background-color: #555555; 
 65                  height:1.25em; } 
 66  #footer p      { padding:0.25em; margin:0; color: #FFFFFF;font-size: 0.625em; 
 67                   font-weight:bold;padding:0.25em;} 
 68  /* ----------------------------------------------------------------------------* 
 69   *    row layout styles. all columns are placed within rows. 
 70   *    clear: both command makes sure that all enclosing div tages expand with 
 71   *    the height of enclosed div containers. Concept from Twitter Bootstrap 
 72   *     and  "Bulletproof Web Design", by Dan Cederholm, New Riders, 2012 
 73   * ----------------------------------------------------------------------------*/ 
 74  .row           { width: 100%;  }  /*removed zoom:1 as it isnt CCS3 compat*/ 
 75  .row:before, .row:after {content: ""; display: table; line-height: 0;} 
 76  .row:after     { clear: both; } 
 77   
 78  /* ----------------------------------------------------------------------------* 
 79   *    column layout styles.  all in percentages. 
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 80   * ----------------------------------------------------------------------------*/ 
 81  .clear-both    { clear:both;} 
 82  .one-hundred   { width: 100%; } 
 83  .one-half      { width: 50%; } 
 84  .one-third     { width: 33.33333333%; } 
 85  .two-thirds    { width: 66.666666667%; } 
 86  .one-forth     { width: 25%; } 
 87  .three-forths  { width: 75%; } 
 88  .one-fifth     { width: 20%; } 
 89  .two-fifths    { width: 40%; } 
 90  .three-fifths  { width: 60%; } 
 91  .four-fifths   { width: 80%; } 
 92  .one-six       { width: 16.666666667%; } 
 93  .five-six      { width: 83.333333333%; } 
 94  .one-seventh   { width: 14.285714280%; } 
 95  .one-eighth    { width: 12.5%; } 
 96  .three-eighth  { width: 37.5%; } 
 97  .five-eighth   { width: 62.5%; } 
 98  .seven-eighth  { width: 87.5%; } 
 99  .one-nineth    { width: 11.111111111%; } 
100  .one-tenth     { width: 10%; } 
101  .one-eleventh  { width: 9.0909090909%; } 
102  .one-twelth    { width: 8.33333333333%; } 
103  .one-twentieth { width: 5.0%; } 
104  .one-fortieth  { width: 2.5%; } 
105  .one-hundreth  { width: 1.0%;} 
106  .three-twelth  { width: 25%; } 
107  .five-twelth   { width: 41.6666666667%; } 
108  .seven-twelth  { width: 58.3333333333%; } 
109  .nine-twelth   { width: 75%; } 
110  .eleven-twelth { width: 91.66666666667%; } 
111   
112  .float-right   { float:right;} 
113  .float-left    { float:left;} 
114   
115  .two-em-padded { padding:2em;} 
116  .one-em-padded  { padding:1em;} 
117  .half-em-padded { padding:0.5em;} 
118  .quart-em-padded{ padding:0.25em;} 
119   
120  .offset-one-tenth       { margin-left: 10%; } 
121  .offset-one-eleventh    { margin-left: 9.0909090909%; } 
122  .offset-one-twelfth     { margin-left: 8.33333333333%; } 
123   
124   
125  .centered-text   { text-align:center;} 
126  /* Settings for smart phones portrait ----------- */ 
127  @media screen and (max-width: 320px) and (orientation: portrait){ 
128     body { background-image:none; background-color: #F6F4F0;} 
129     #page          { width: 100%; border:none; } 
130     #header        { height: 55px;} 
131     #header div    { padding: 1.1em 0em 0em 0em;} 
132     #left-content  { width:29.5%;/*968 - 56 - 94 = */ font-size:0.80em; } 
133     .leftmenu h4   {font-size:0.8em;} 
134     .leftmenu  ul li { padding: 1px 1px 1px 1px;} 
135     .leftmenu  span{ margin-top: 1px; padding: 2px 2px 3px 2px;} 
136     #right-content { width:69.5%;  } 
137     #right-content h3{ font-size:0.5em;} 
138     .step legend   { color: #4080BF; font: bold 1em verdana; 
139                      padding: 0 1px 1px;} 
140     .formpage      { width:95%; } 
141     .horizontal-nav{ width:95%; } 
142     .long-field    { width:75%; } 
143     .short-field   { width:30%; } 
144     .medium-field  { width:50%; } 
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145  } 
146  /* Settings for smart phones landscape ----------- */ 
147  @media screen and (max-width: 480px) and (orientation: landscape){ 
148      body           { background-image:none; background-color: #F6F4F0;  } 
149      #page          { width: 100%; max-width: 960px;border:none ; } 
150      #header        { height: 45px;} 
151      #header div    { padding: 0.75em 0em 0em 0em;} 
152      #left-content  { width:29.5%;  font-size:0.75em; } 
153      .leftmenu h4{font-size:0.9em;} 
154      .leftmenu  ul li { padding: 2px 1px 1px 2px;} 
155      .leftmenu  span{ margin-top: 1px; padding: 2px 2px 3px 2px;} 
156      #right-content { width:69.5%; } 
157      #right-content h3{ font-size:0.35em;} 
158      .step legend   { color: #4080BF; font: bold 1em verdana; 
159                       padding: 0 1px 1px;} 
160      .formpage      { width:85%; } 
161      .horizontal-nav{ width:85%; } 
162      .long-field    { width:80%; } 
163      .short-field   { width:30%; } 
164      .medium-field  { width:40%; } 
165  } 
166  /* Settings for tablets portrait ----------- */ 
167  @media screen and (min-width: 481px) and (max-width: 768px) and 
168                      (orientation: portrait){ 
169      #page          { width: 96%; max-width: 960px; min-height:928px; } 
170  } 
  
 
9.7 Listing 9 –final.function.library.js 
 
  1  // global variables 
  2  var currFormpage, currFormPageNo, formpages = null; 
  3  //http://stackoverflow.com/questions/2989263/disable-auto-zoom-in-input 
  4  //-text-tag-safari-on-iphone 
  5  /** 
  6   * This function should sense the mouse-over event and disable the zoom 
  7   * function, and sensing the mouse-leave effect restore the zoom function. 
  8   * This aims to prevent the screen from zooming automatically when typing 
  9   * text in input fields. Does not work in a stable fashion, but has 
 10   * potential. Should be worked on. 
 11   */ 
 12   
 13  function zoomDisable() { 
 14      //alert("zoomDisable"); 
 15      $('head meta[name=viewport]').remove(); 
 16      $('head').prepend('<meta name="viewport" content="width=device-width' + 
 17      'user-scalable=0" />'); 
 18  } 
 19   
 20  function zoomEnable() { 
 21      //alert("zoomEnable"); 
 22      $('head meta[name=viewport]').remove(); 
 23      $('head').prepend('<meta name="viewport" content="width=device-width ' + 
 24      'user-scalable=1" />'); 
 25  } 
 26   
 27  /** 
 28   * This part will be executed when the HTML DOM model is 
 29   * done being instantiated. 
 30   */ 
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 31  $(document).ready(function () { 
 32      /** 
 33     * These lines initiate the form pages, 
 34     * the left menu button, colors them. 
 35      */ 
 36      formpages = $('.formpage'); 
 37      currFormpage = formpages[0]; 
 38      currFormPageNo = 0; 
 39      $(formpages).hide(); 
 40      $(formpages[0]).show(); 
 41      createMultiSteps(); 
 42      var temp = $(formpages[0]).find('.hidden'); 
 43      $('#yourlocation').text($(temp).text()); 
 44      selected('stepbutton0'); 
 45      /** 
 46       * The following functions provide a hover 
 47       * effect when a mouse-over event occurs. 
 48       * The functions are attached to the 
 49       * menu button of the left menu when the 
 50       * HTML DOC has been created. 
 51       */ 
 52       var oldvals = new Array(); 
 53      $(".leftmenu span").hover(function () { 
 54          //On mouseOver 
 55          oldvals[0] = $(this).css('background-color'); 
 56          oldvals[1] = $(this).css('color'); 
 57          $(this).css('background-color', '#EBD1C0'); 
 58          $(this).css('color', '#000000'); 
 59      }, 
 60      function () { 
 61          // On mouseOut 
 62          $(this).css('background-color', oldvals[0]); 
 63          $(this).css('color', oldvals[1]); 
 64      }); 
 65    
 66  }); 
 67  /** 
 68   * This function creates the left menu step buttons 
 69   * and adds them to the left menu 
 70   */ 
 71  function createMultiSteps() { 
 72      for (var i = 0;i < formpages.length;i++) { 
 73          var title, str, str1, str2, str3, str4 = null; 
 74          var temp = $(formpages[i]).find('.hidden'); 
 75          str1 = "<li><span id='stepbutton" + i + "' "; 
 76          str2 = " onclick='gotoFormPage(" + i + ");' "; 
 77          str3 = ">" + temp.text(); 
 78          str4 = "<\/span> <img alt='' src='images/triangle.png'><\/li>"; 
 79          str = str1 + str2 + str3 + str4; 
 80          $(".leftmenu").find('ul').append(str); 
 81      } 
 82  } 
 83   
 84  /** 
 85   * This function hides the currently visible form page and 
 86   * shows the next one to be current (goinf forward) 
 87   */ 
 88  function nextFormPage() { 
 89      if (currFormPageNo + 1 < formpages.length) { 
 90          $(currFormpage).hide(); 
 91          unSelected('stepbutton' + currFormPageNo); 
 92          currFormPageNo = currFormPageNo + 1; 
 93          currFormpage = formpages[currFormPageNo]; 
 94          $(currFormpage).show(); 
 95          var temp = $(currFormpage).find('.hidden'); 
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 96          $('#yourlocation').text($(temp).text()); 
 97          selected('stepbutton' + currFormPageNo); 
 98   
 99      } 
100      else 
101          return; 
102  } 
103   
104  /** 
105   * This function hides the currently visible form page 
106   * and shows the previous one (going back) 
107   */ 
108  function prevFormPage() { 
109      if (currFormPageNo > 0) { 
110          $(currFormpage).hide(); 
111          unSelected('stepbutton' + currFormPageNo); 
112          currFormPageNo = currFormPageNo - 1; 
113          currFormpage = formpages[currFormPageNo]; 
114          $(currFormpage).show(); 
115          var temp = $(currFormpage).find('.hidden'); 
116          $('#yourlocation').text($(temp).text()); 
117          selected('stepbutton' + currFormPageNo); 
118   
119      } 
120      else 
121          return; 
122  } 
123   
124  function gotoFormPage(id) { 
125      $(currFormpage).hide(); 
126      unSelected('stepbutton' + currFormPageNo); 
127      currFormPageNo = id; 
128      currFormpage = formpages[currFormPageNo]; 
129      $(currFormpage).show(); 
130      var temp = $(currFormpage).find('.hidden'); 
131      $('#yourlocation').text($(temp).text()); 
132      selected('stepbutton' + currFormPageNo); 
133   
134  } 
135   
136  /** 
137   * This function changes the color scheme of a step button 
138   * from selected to unselected 
139   * @param id 
140   */ 
141  function unSelected(id) { 
142      $('#' + id).css('background-color', '#DDBCA6'); 
143      $('#' + id).css('color', '#444444'); 
144  } 
145   
146  /** 
147   * This function changes the color scheme of a step button 
148   * from unselected to selected. 
149   * @param id 
150   */ 
151  function selected(id) { 
152      $('#' + id).css('background-color', '#FF6600'); 
153      $('#' + id).css('color', '#FFFFFF'); 
154  } 
155   
156  /** 
157   * http://mobile.tutsplus.com/tutorials/mobile-web-apps/remove-address-bar/ 
158   * Gives the appearance of being an iOS or Andoid web application. 
159   * window.scrollTo(x,y) automatically hides the addr.bar from the 
160   * viewport. 
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161   */ 
162  function hideAddressBar() { 
163      /* window.location.hash is the host url for instance http://in-nit.dk 
164          * only use this method if window.location.hash is null = internal link*/ 
165      if (!window.location.hash) { 
166          if (document.height < window.outerHeight) { 
167              document.body.style.height = (window.outerHeight + 50) + 'px'; 
168          } 
169          /*iOS needs a little time to perform the scroll operation */ 
170          setTimeout(function () { 
171              window.scrollTo(0, 1); }, 50); 
172      } 
173  } 
174   
175  window.addEventListener("load", hideAddressBar); 
176  window.addEventListener("orientationchange", hideAddressBar); 
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